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CHAPTER I

INTRODUCTION

With the proliferation of packages and systehis for computer based

statistical analysis it appears redundant to develop now packages or

expand oxisting ones. Where methods of analysis are well standardized,

as in most applications of the general linear model, or in experimental

* design, such work would seem superfluous.

There are, however, many methods, either complex or newfor which* I efficient algorithms are not easily available and which. even for tile

details of data analysis, require mathematical insight. Careless

analysis, in such instances, may produce ridiculous results. Even the

* experienced statistical analyst nedds to operirnout with different

algorithms in such cases, As tMcrvin Muller has said, "Much of data

anlalysis involves itorative procossing using non-quantitative insight

and tin artistic f lair for looking~ at data." (461 Ilia availabiility of

an integrated r.athontatical and statistical computer systom grontly

facilitates suach data ansly.4is. Examplas of such app licat ions are

.. crreltioal aiilyisstructural orf-actor analysis, Wayesian

* Inference, determainationa Of con-idonce and tolo'ranco vegious, ostima-

tion probltws in stochastic processes$ noni-linear estimation, response

*surface ostimution, cailbation, of instrumenlts, and many others. Htow-

ever, the tradit-imnl. packages. invariably based on Josign, least
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squares, normal equations (and, very rarely, some graphical displays),

are inadequate for such problems.

Incking an integrated system, one might consider using the algo-

rithmic packages and languages presently available for mathematical

analysis. However, even the most developed and best documented units

(e.g. APL/36012S) provide only a quite primitive level of algorithms,

not even including that basic set of routines (e.g. thosc presented

by Carnahan, Luther and Wilkes [14]) which form the common stock of

introductory courses in scientific computation, For example, many

polynomial regression subroutines fail to use orthogonal polynomials

and subroutines for solving linear equations by Gaussian elimination

SI fail to accumulate double precision inner products. (36] In fact,

among the hundreds of available computer programs and systems it is not

easy to find one which is particularly well adapted for the application

of exploratory techniques, Although it is obvious that array operations

aro crucial, the matrix-interpretive languages so often used in computer

systems are not the ideal solution. An interactive system based on a

worksheot, of' which portions can to inspected at every single oporation,

seems to bo moro promising; of course, matrix operations should be

included in such array-nimnipulative programs. UTNITAIB [31,37] is a

programing system that is based on the use of such a data worksheet.

Its set of comands can be divided into two basic groups. One group

o.cormnds can bo used to process columns of data* whle th other

group onables one to handle analyses involviug matrix manipulation.
4 4

Development of O.MflITAR was initiated by Joselth lHilsenrath in the

early 600s at the Naticnal Bureau of Standards. lio saw M4NITAD as a

& ,.. . . ...... ,... .-.. ,.. . .
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computational tool directed at the user who was accustomed to performing-I most calculations on a desk calculator. With the advent of very inex-

pensive pocket calculators, the number of users of this type has become

larger. It enables such a person to perform calculations on a computer

very quickly and easily without requiring him to also learn a complex

programming language.

The original version, which was written for the IBM 7094, is des-

cribed in detail by Hilsenrath et.al. [31] However, this version was

written primarily in assembly language and thus was machine dependent.

Later it was rewritten in FORTRAN and implemented on a UNIVAC 1108.

This FORTRAN version has since been implemented on an IBM 360, Burroughs

5500 and CDC 6600 (37,38]. The IPM 360 implementation was carried out

by R, L. Chamberlain who also wrote a very helpful user's guide [37]

and an operating systems manual (15].

Since its introduction, OMNITAB has been used extensively in a

variety of fields by many different users. Applications can be found

in molecular spectroscopy (4,39,40,44,45], agronomy [13] and photo-

chemistry [9-11] as well as in numerous other fields. Most applica-

tions, however, involve the use of one of the two commands, FIT and

POLYPIT. These two commands are used to obtain least squares fits for

linear models. Numerous applications of those two commands can be

found in references 18, 22, 23, 28, 30, 35$ 48, and 59.

There have been several adaptations of OMNITAB to meet special

purposes. PRUCISE [5], developod in the late 60's, is a multiple

precision version which has boon used in the preparation of tabies.

" INITAD (50,51,52] was developed in the Statistics Department at

'/• .. .



4

Pennsylvania State University. It is designed to help the student

solve many of the elementary statistical problems by supplying him both

a worksheet for storage of data and a special set of commands for per-

forming the calculations. An interactive version of OMNITAB has been

developed at the University of Texas at Austin for use by psychology

students [58]. These last two adaptations were both made in the early

70's.

The simplicity of OMNITAB commands as well as the nature of the

worksheet suggested that an interactive version of-OMNITAB designed

especially for use by statisticians would be helpful. The requirements

for such a version included:

(1) Immediate access to the workshoet after performance of every

statement

(2) Availability of statistical distribution functions.

(3) A facility to replace existing commands in the system

(4) A facility which onables a statistician who knows only

FORTRAN IV progranmwing to add new commands and to incorporate

them into the system

(5) To permit oxocution in a limited region of core (overlays).

(6) To porcit the instantaneous editing of data, and the correc-

tion of coimmands when the user makes a mistake.

(7) To display all of the commands used during an ontiro work

session

The purpose of this research has been to implement such an interactive

version of O0NITAD and to present examples for the utilization of this

interactive unit in the solution of statistical problems. After the
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system became operational under the Graphics Monitor System [47] on the

IBM 2250 graphics console at the University of Georgia, its general

effectiveness and case of operation was tested by having it used by

students in classes on Multivariate Methods and Scientific Computation

(STAT 825, Winter, 1973 4 1974; STAT 803 and 804, Fall 1973), by

research workers in radioecology for the purpose of deciding on appro-

priate kinetic models, and by several others, especially for matrix-

manipulative purposes.

Chapter II consists of a brief user's guide to OMNITAB. Chapter

III presents details concerning the implementation of an interactive

version of OMNITAR in the computing environment available at the

University of Georgia. Many implementation problems w:ore of course

quite general. Chapter IV describes several methods which can be usedI for increasing the number of avwilablo commands and includes examples.

Chapter V presents a number of applications of interactive ONNITAB in

solving various statistical problems. Those examples illustrate how

interactive ONNITAB can be used in solving problems of various typos

and complexities by both teachor and student and as a computational

tool by researchers.

0i

0'

-



CHAPTER II

INTRODU.;TION TO OMNITAB

In this chapter certain basic details will be given regarding the

use of the O\MNITAB language. Details not covered here can be found in

The OMNITAB ProSr arming System, A Guide for Users by Jow.itt and

Chamberlain [37].

An OIMNITAB command consists basically of two parts. The first

part is a key word which begins each command. The-so key words are

listed in Figuro I11-, and they constitute the basic operation codes.

lEach key word is limitod to six letters. The second part of the

OMNITAH comaind contains the argument list and any ceoments which the

user inserts. It begins cithor in position swen or after a blank

wshich follows a key word of loss thata six letters. CoOmmnts aro

ignored Mhen a cOmaand is procossod. F"or cxaplc, consider the typed

message:

iDi) t.ML11N I 10 COiAMtv 2 ANt) STORIL Tile IISULTSO IN COLWI ,! 3

ADD is tli keyword. The awgumoit lit voiists iotogrs

a 3n Si.nco theu rmaindor of tu messago is co ment,-.tho tyjlod

ADD 1 23 3

vould. produce ideltical ro-e;mIts.

For each arg~i~Lzt in the argument list, two pieces of i-nfovo.ation

axe rotained. First, an indicator is sot to distinguish non-integor

6
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OUTPUT AtREflCOMHfANOD3 CURRENTL.Y IMIPLENITFUrm IN O!NiI TRB
AW fRCS 11 c~hip r--,mn 11C IX 'FIX) fltSfliLRR SO1LA1R

FfflrWJc PRCTIIN c H1.14 EXf3IOGNUT WWI').. lilStio SET
ties flSCflLAR C1112 hi (X "X) flTFA.NS 8iOftTENWI3SOLUTE flSIN CLOSE FXlit xx(' I J. II
FICOS OtiUN1 'COO FFE M1100 MLTIPLY .6I1NO
ACOSO fl3~I .C)O FLIP 11IR VECO~D 1 ~t~fi(A'OSl flSU!3 COSH GPMP tHfiXPIMJt HVECO!T G ) 1 4T
ACOT A T1;I CnT r1r inEPIne HZERO S4
IRCOTO ATRND COTO G~i1z *tinUn 11tZOWX SUB
ACOTK flTATH COTH GENERATE. d ? t 6E 0 SW3RUTRJACT

(10 TIRAN C13tiNT tIERPIRCHl 11IO~ziT ra..,3-oO sun
(1EFINE AVE:FlRR 017HN~E UINERT HIN PflfuUt TWIN

IDA RVECr)IfAI (1t110TE L I P~ AR m 11 1 ilfl PRO')UCT TflNO)
RU:VICE nVFi!;n& fG VlO LIf QfG 111MYtT ('ROWITE TUINN
CERASL~ pli ;3 Div LOGE ti JW1I. 1 1E11 ri n 16 TTP
f1IOVE DFTflP DIVIDE LOOTEN WIS$TVEC REfID TTX(
WFIILT 81.TA UN-IATf) 11RQ tU! MOVE .EiSýT TTZ

NJTILOG rT A Y 'iP.L 3 6'llI MULT r% M YOERMl
A0flIE IBLIOCKTRfl EXCNOINIGE HOIN MOV RON YORNX
OrCCiOG Gifi1J&GE Ex? titv In3 t;UIRIBE HOWSiU1 YORL1Z
flRCCOT

REPLiY MA 2f

I .~? 'r.Figure II1.

Library of Commands
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real arguments from integar arguments. Non-integer real arguments are

generally used as constants and integer arguments are generally used as

column or row numbers. In addition, the value of each argument is

retained.

There are several general rules which determine the type of argu-

ment(s) required for a particular command. Integer arguments are

generally used as column or row numbers or as dimensions of a matrix.

Real arguments, i.e. constants containing a decimal point, are generally

used as constants. To illustrate this consider the following two

commands:

(1) ADD 1 2 3 and

(2) ADD 1. 2 3

The first conumand will cause the i'th element of column one to be

addcA to the i'th element of column two and the result to be stored as

the itth element of column throe, where i takes on the values one

through DIRMAX, the number of rows of data in the columns. However,

the second column will cause the constant 1 to be added to each element

of column two and the results to be stored in column three.

There aro two typos of conmands. Type I is the column-oriented

command such as ADI) or SUB, Theso commands perform certain operations

using either constants or columns of values as indicated by the type

of the arguments. The results are always stored in some column. Type

II is the matrix-,oriontod comm.and such as MAID or MSUB. These commands

are generally distinguished from the column-oriented command by the

prefix M. These commands either create matrices Or, in various ways.

manipulate arrays.

...........
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A further point needs to be made in regard to the column-oriented

command. It should be noted that, in the graphics interactive version,

each column contains 80 rows. As data are entered into the worksheet a

counter keeps track of the number of rows used. When a column-oriented

command is used, the operations are carried out down to the last row

into which data have been entered.

Asterisks are recognized as special characters by OMINITAB and can

be used in several ways. Throe or more consecutive asterisks denote

"through." For example, l***5 would be interpreted as 1 2 3 4 S.

Asterisks also provide the user with the moans for using either data

from the workshect or any of five user defined variables, V, W, X. Y

and Z, as arguments in commands. To use one of these variables or a

worksheet entry as an argument it is necessary to enclose the variable

or workshoet entry within asterisks. Single asterisks (*V* or *1,10*)

are used to indicate a real ergument while double asterisks (*V* or

**1,1o**) indicate an integer argument. For example, suppose that the

value of V is 1.5 uld the cemont in the first row and tenth column of

the worksheot is 2.6. Tito command:

ADD *V* *1,10* 3

would be equiivalont to thae command:

ADD 1.5-2.6 3

which would put the constant. 4.1 into all. proviou:;ly usod rows of

colwumn3

Tho command.

ADD **V** **lolO** 3
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would be equivalent to the command:

ADD 1 2 3

Matrix commands begin with letter M. Matrices are referred to by

the coordinates of the beginning argument in the worksheet, and by row

and column size. For example MMULT 10 1, 5 BY 3; 16 1, 3 BY 4; 20 1

', ;, and BY are optional) directs the computer to take the matrix

beginning at (Row 10, Col 1) ("coordinate 10,1") of the worksheet of

dimension S BY 3, multiply it by a matrix starting in coordinate (16,1)

(16,1), of dimension 3 by 4, and to store the results into locations

beginning at coordinate (301).

Interactive OMNITAB is very easy to learn to use. This has been

demonstrated repeatedly by students who have learned to use it follow-

ing a brief demonstration. The opportunity to view results following

execution of each command makes it easy for the user to find out what

a command does. To illustrate this case, a description of portions of

a typical demonstration session follows. In the process, many comwnds

used frequently by the statistician will be illustrated.

?then the user first sits down at the IM 2250 console, he initial-

ly presses one of the lightod programmod function keys (PPK's) (see

figure U11-1). Wien the system requosts a response, ho will typo 1

4LINK 04TAD and the initial instruction frame. will appear.,

At this point several soctions of the wgorkshoot uill be displayed
when the user depresses lighted keys in the second and third row of

the PFK keyboard.

Each worksheot section will contain an array of numbers. Next the.1

comma• ESE is entered. •ten'tho worksheet sections viewed before

Sao scen again. Novi the worksheet sections contain nothing but zeros.



At this point one is ready to demonstrate the usage of some

further commands. However, one first must enter data into the work-

sheet. One command which may be used is GENERATE. One might enter

GENERATE l..5,50.,l This command would generate values from 1. to

50. in steps of ,5 into column 1. However an error message would appear

indicating that the command exceeded the dimensions of the worksheet.

(The command requires 99 rows but there are only 80 rows.) Next to be

entered is GENERATE 1.,.5,25.,l. This command is executable. Follow-

. ,'ing execution, PFK 4, which is used to display section 2 of the work-

* )sheet, is pressed and in column 1 can be seen the vector (1.0 1.5 2.0

20.5). Pressing PFK 10 (to see section 7 of the worksheet) enables

the user to see that the numbers 21. through 25. appear in rows 41

through 49 of column I of the worksheet.

The SET command can also be used to enter data into Jhe one column

of the workshect as specified by the argument. The two lines

SET 2
1. 2. 3. S. 9.

are entered. After pressing PWK 4, the user sees the vector (1. 2. 3.

* i 5. 9. ) in rows I through S of column 2. If the command SLT 2 3 had

been entered an error message :would have. stated that there were too

many arguments since only one argument can bu used with the SET command.

I ,:Now the user is ready to try somo elementary operations using

the data in those two columns. The user may wish to execute ADD 1 2 3

By pressing PFK 4 he will see the vector (2. 3.5 5. 7.5 12. ) in rows

I through S of column 3. Rows 6 through 40 of colims I and 3 will be

identical bocause the addition is carried out for rows I through SO. :4

* *. 4,
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* iIf the user now decides that he wants to restrict his work to the

first four rows, he enters the command RESET NRMAX 4. This has no

immediate affect on the worksheet. However, if the next command

entered is ADD 1 2 4, after pressing PFK 4, the user sees that rows 1

through 4 of column 4 now contain the values, 2.,3.5, 5. and 7.5. The

remainder of column 4 is still filled with zeros.

Next one might enter the command ADD *4,1* 0. 5 . This means that

the number in coordinate C4,1) is added to 0. and the result stored

into column 5. Pressing PFK 4 reveals that 2.5 now appears in rows 1

through 4 of column S. These results can be seen in Figure 11-2.

Finally consider the following series of commands:

READ 1 *** 4

The data to be typed will be entered, row after row, into
columns 1 through 4 of the worksheot.

Display: ROW 1
User: 1,2,4,8
Display: ROW 2
User: 1,3,9,27
Display: ROW 3
User: 1,44,16,064
Display: RON' 4
User: 11 OW 3 (ihe notices that ho mado an error in row 3)
Display: IROW 3
Us%,P. 1,4,16,64
Display: RC;, 4 etc.

The 3 rows now appear in the first section of tho workshoot (PFK 4)

DIVIDI 1 2 5

Entries in column I arc divided by thosp in colum 2. result i$
stored in column S.

DIV1IJE 1 2,65 ""'

This does the same thing as the previous instruction except that
each quotient (1/2) is multiplied by the entrioz- in column 6 beforebeing stored in column S.
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WORKSHEET PART 1

COLUMNS

1 2 3 45

1 1.00000 1.00000 2.00000 2.00000 2.50000
2 1.50000 2.00000 3.50000 3.50000 2.50000
3 2.00000 3.00000 5.00000 5.00000 2.50000
4 2.50000 5.00000 7.50000 7.50000 2.50000
5 3.00000 9.00000 12.0000 0.0 0.0
6 3.50000 0.0 3.50000 0.0 0.0
7 4.00000 0.0 4.00000 0.0 0.0
8 4.50000 0.0 4,50000 0.0 0.0
9 5.00000 0.0 5.00000 0.0 0.0

10 5.50000 0.0 5.50000 0.0 0.0
11 6.00000 0.0 6.00000 0.0 0.0 4
12 6.50000 0.0 6.50000 0.0 0.0
13 7.00000 0.0 7.00000 0.0 0.0
14 7.50000 0.0 7,50000 0.0 0.0
is 8.00000 0.0 8.00000 0.0 0.0
16 8.50000 0.0 8.50000 0.0 0.0
17 9.00000 0.0 6.00000 0.0 .00
18 9.50000 0.0 9,50000 0.0 0.0
19 10.0000 0.0 10.0000 0.0 0.0
20 10.5000 0.0 10.5000 0.0 0.0

Pigure 11-2 4

Comand Illustrations (partial display)

X :i

*• .4 •

!•' '. • A
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4MIDENT 10 1 4 (or MID•NT 10 1 4 BY 4)

Generate an identity matrix, starting in coordinate (10,1), of
order 4 by 4. This example illustrates the flexibility available
in using the matrix commands. Since an identity matrix must be
square, only one dimension needs to be specified. Both dimensions,
however, may be used.

MDEFINE 15 1 4 4 1.

Generate a matrix of l's, starting in coordinate (15,1), order
4 by 4.

MADD 10 1 4 4 15 1 15 1

Add the matrix starting in (10,1) (4 by 4) to that starting in
(15,1) and store results back into the field starting at (15,1).
If PFK 4 is pressed, the section now contains

col 1 col 2 col 3 col 4

row 15 2 1 1 1
row 16 1 2 1 1
row 17 1 1 2 1
row 18 1 1 1 2

MINVIIRT 15,1 4 10 1

Invert the above matrix and store the inverse into the place where
tile identity matrix was, originally. Instead of READY, the usual
message from the computer, it will display a message that the
doterminant is 5.

M(X'AX) 10 1 4 4 15 1 4 4 20'1

Take the matrix A from (I0,I) on (4 by 4) and the matrix X from
(15,1) on, (4 by 4), perform the X'AX multiplication, and store
rosults starting at (20,1).

GENERkATn 1., .005, 1.095 1

Place the aribers 1., 1.005, 1.1, ... a 1.095 into tho first 21
rows of coh,::n 1.

YOWU4 1 2

Evaluate the normal c.d.f. for each of the entries in column 1
and store the 'osult into columi 2(suction of a normal distri-
butiou.

"".. ... .. ''. ",.- . • . - - -



Conversoly

GENERATE .90s .005s .9951 3

Generate numbers .90,, .90S, .91, .99S .99 column 3.

YORMP 3 4

Take the percentage points of the normal curve corresponding to
each entry in column 3, and place them into column 4.

The results of the last commands appear in Figure 11-3.

These are but a few of the options available to the user. He may

wish to study the OMNITAB manual but can press key 2 to see which

commands are available in the interactive graphics version.
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WORKSHIET PART 1

] COMMLls

12 3 4 5

31 1.00000 0.841345 0.900000 1.28155 0.0
2 1.00500 0.842551 0,905000 1.310S8 0.0
3 1.01000 0.843752 0.910000 1,34075 0.0
4 1.01500 0.844946 0.915000 1,37220 0.0
5 1.02000 0.846135 0.920000 1.40507 0.0
6 1.02500 0.847317 0.925000 1.43953 0.0
7 1.02999 0.848494 0.930000 1.47579 0.0
8 1.03499 0.849664 0.935000 1.51410 0.0
9 1.03999 0.850828 0.940000 1.55477 0.0

10 1.04499 0.851987 0,945000 1.59819 0.0
11 1,04999 0.853139 0.950000 1.64485 0.0
12 1.05499 0.854285 0.955000 1.69540 0.0
13 1.05999 0.855425 0.960000 1.75068 0.0
14 1.06499 0.856560 0.965000 1.81191 0.0
15 1.06999 0.857688 0.970000 1.88079 0.0
16 1.07490 0.858810 0.975000 1.95996 0.0
17 1.07999 0.859926 0.980000 2.05375 0.0
18 1.08499 0.861036 0.985000 2.17009 0.0
19 1.06998 0.862140 0.990000 2.32634 0.0
20 1.09500 0.863241 0.999000 2.57582 0.0

IoSIllustration of several statintical
Sco~ands Oar~tia IPpag)



CHAPTE R III

IMPLEMEiNTATION

In this chapter, the implementation of an interactive OMNITAB

version, for use by statisticians, is described in some detail. The

first section contains a discussion of the problems and the approach

to solutions. The second section contains detailed documentation.

A. PROBLE3MS

At the University of Georgia the equipment used for interactive

computer usage includes a graphics Console IBM 2250, attached to the

IBM 360 Model 65. It consists of three parts: a Cathode Ray Tube

Terminal which is used to display tabular and graphical information,

a typewriter Royboard through which data and commands can be entered, 4

and additional keys, referred to as "programmed function keys" (see

Figure III-1), which are used by the Jser to branch to desired portions

of the control program,

The IBUM 2250 is operated under the control of a monitor (GMS[47]).

- One severe limitation is the restricted core available for this system

(no more than 140K). The extensive programs of the interactive

* 0. 4NITAB system had to be ovor-layod, and a structure had to be found

•bich would minimize the number of calls from one overlay to another.

-o adopted the sQtcturo'diarammod in Figure 111-2.

17¾
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I4 1

Figuro Iii-1

Pvlogrammod Pwilction Keyboard
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20

The worksheet is the central fcature of the interactive version{ of OMNITAB. A user should be able to view portions of it after each
statement. A typewriter terminal would be too sleow; even telephone-

connected CRT terminals (e.g. Tektronix) would be unsatisfactory, since

they perform display character-by-character. By contrast, a graphics

terminal, such as the IBM 2250, presents whole page displays almost

instantaneously, and is thus preferable for interactive worksheet

r, This nearly instantaneous display of the worksheet is one

% eason why this interactive implementation should appeal to the

st:J ician.

The size of the work-sheet prosented a problem which required some

consideration. In the original version of OLNITAO, the worksheet

consisted of 101 rows and 46 columns, Later an option 'was added which

onablod the user to reset tho dinofisions of thle worksheet. In our

conversutional adaptation, variable dimen~sions wore not used since

progr~ainmod fuinction k^.ys wore to be~ utilized to display desired section-;

of the workshcot; however, bocause of tho coro limitationts. the work-

thoot for our interactiva systema was restriceted to 80 rows mid 30

columins. This is brokon down into 12 sactious of 40 rows and 5 columns

each. The. indi'vidual sectionis are addressablo by 12 prog)rameUd Cwc-.

was facilitated by a sot of systems routiines COAW1U`471-. Thse sub-

routines provide an initerfaice between a 10OUWAN program id the 2250

display unit. Input and Outpvut was dispatched by callr, to these
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14- subroutines wherever necessary in the controlling program..11.Every programminig language has a set of words and/or symbols
which it recognizes as instructions. As part of the IMPlems.ntation of

OZMI.TAB as an interactive language, it was necessary to consider what

words would receive such special recognition. The command set for the

batch-oriented ONNITAB consists of nearly two hundred such words.

Many of these commands are not needed in an interactive language and

consequently were not inco-porated into the interactive OMNITAB vocab-

ulary. Other commands are of no interest in solving statistical

problemas. They also were not incorporated. A number of routine.5 which

are important for statisticians have been added. These include eval-

uation of standard distribution functions (Normal, t, P, chi-square,

Gamma, Beta) and matrix routines (determinant, trace). After these

* eliminations and additions, the OMNITAB command set for interactive

* use included about 12S commands. A list of those commands appears in

Figure II-.i of Chapter II.

The general method of entering commands is illustrated in Figure

111-3. The texct (up to and excluding the word ERASE) is displayed to

the user after he types $LINK OMTAB. -(ALT 5). The command (ERASE)

is typed aiAd entered (ALT-S)* by the user. The systom responds to all

commands with the two lines as shown in Figure 111-3, If the user

-indicatos that the command-is correct ho depresses Key 1, and it will

then be exocuted. O0therwiso he presses Key 2, and the command will

be ignored and replaced by the next command which is entered. After

ikxecutton of a command,,the system will Indicate that it is ready for

'the next cormnand by responding READY as shown in Figure 111-4. This

*In future discussions, ".typi~igt ' will assume ontoring by the
A ALT.~5keys.
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OUTPUT AREA
THIS PROGRAM IS DESIGNED TO ENRBLkE YOU 10 USE OMNITRB COMMANDS ENTCRED
tMRIULUII Tt!E TYrEWRITER KEYBOARD DIRECTLY IN FRONT OF YOU. TO SIGNAL
COMPLETION OF YOLU? CCMMANO. FIRST DEPRESS THE ALT" KHEY AND WHILE
* HMLDING IT DOWN. OEPRESS THE "5 KEY.

AT ANY TIME YOU MAY LnOK AT THE WORKSHEET BY PRESSING ANY OF TWELVE
PR,".::2 FUN4CTION KEYS. EACH KEY WILL CAUSE A 4C BY 5 SECTION OF THE

JRKSh:EE TO bE i18SPLAYED. KEYS 4 THROUGH 9 WILL DISPLAY THE FIRST 40
R3ES PITH VEY 4 DISPLRAYING COLUMNS I THROUGH 5. KEY 5 CISPLAYING -OLUflNS
6 THRRUU1i 10& ETC. KEYS 10 THROUGH 15'WILL LIKEWISE DISPLAY THE LAST
40 ROES.

AFTER SEEING A PARTICULAR SECTION YOU MAqY SEE ANOTHER SECTION BY
PRESS!,:':.T-, KEY OR YOU MiAY ENTER MORE OMNIT.B COIMANDS THROUGH THETYPt:4-;TM.% KE'ebi•j;RC.

BY PRESSGM, KEY 30 YOU WILL RETURN TO THIS DISPLAY. BY PRESSING KEY 31
Y."U WILL TE!;INSRTE THS PRORRMK. BY PRESSING KEY 3 YOU WILL BE ABLE TO
C--' A 3IZFL.AY 31" I :iie 3n.ITRO CCMIIRNDS CURP.Fr;'TLY AVRII.ARLE. BY P"RESSING
KEY 2 YCU WILL SEE A LIST OF THE CtINITSB COMr.ANDS WHICH YOU HAVE ENTERED
ERASE

TMIS STPTEM.ENT IS TECHNICALLY CORRECT. IF YOU WISH TO HAVE IT
EXECUTED OR STOREO. PRESS KEY I.- OTHERWISE. PRESS KEY 2.

REPLY AREA-

n Ftigurte 1t-3a"il
• , ntoring a command after seeing the illitia! display
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OUTPUT AREA
THIS PROGARM IS DESIGNED TO ENABLE YOU TO USE OMNITAD COMMANDS ENTERED
THROUGH THE TYPEWRITER KEYBORID DIRECTLY IN FRONT OF YOU. TO SIGNAL

ICOMPLETION OF YOUR COMMRNO. FIRST CLPRESS THE ALT' KEY, AND WHILE
tHOLDING IT DOWN. DEPRESS THE "5S KEY.

AT ANY TIME YOU MAY LOOK AT THE WORKSHEET BY PRESSING qNY or TWELVE
PROGRAMMED FUNCTION KEYS. EACH KEY WILL CA'SE A 40 BY 9.SECTION Or" THE

* UWORKSHEET TO BE DISPLRY'EO. KEYS 4 THROUGH 3 WILL DISPLAY TlE FIRST 40
,ROW WITH KEY 4 DISPLAYING C3LUrNS I THROUGH 5. KEY 5 DISPLRYING COLUMNS
6 TIHROJOH IC, ETC. KEYS 10 THROUGH 15 WILL LIKEWISE DISPLAY THE LAST
"40 ROWS.

AFTER SEEING A PARTICULRR SECTION YOU MAY SEE ANOTHER SECTION BY
PRESSING ANCTHER KEY OR YOU MAY ENTER MORE OMNiTSB COMARNDS THROUGH THE

i ~TYPEk,;R'TER KEYBIOARG3.

BY PRI-ESING KEY 3O YOU WILL RETURN TO ThIS D!SFL.qY. BY PRESSING KEY 31
YOU NILL TEI',.NATE T.IS PO",R-.. BY F.ESSIN3 KEY ? Y3U WILL BE ARLE TO
6EE A CISPLP'Y OF THE ..qlNITA CCrI:R!,CS CUK9:NTL'f AVAILFvLE, 5Y PESSINJN,
SKEY 2 YOU WILL SEE 4 L"6.S OF ThE OMNITRU C5MMANOS WIICH YOU HAVE ENTERED
ERASE
READY

-REPLY AREA

*- 4

I
Figure YI'-4

T'I• screen whon a command can be entered

( -

• ~ ~1...

S•, - .

"". .... " " "" • .: -. . .. - . --
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procedure gives the user a chance to correct any typing errors which

hemay have ise h aepocdr sfloe for motcmmns

Ths chman csmuaed to entere adat rowebutrow ito collumnspesignatted

inothetommntls of the mesaeADhc omm~and. apeaIn the bachen vhersionedat

will usualy beeavailblhen itbcords fl or tae wihsqential ordtepr.ograme

efunlctionkes iduer th r stpecilmssgsent' 2 nd3)o

Ibis ollowng cirs woedld eacercoatai roneb row ino datamto desiplaced

in to columens li2,3s5tn of the wED ommksheenthe bachavrdsin mdatab

are usualby avowsbl onta h is cardsotae in tesequencia ontdens Frowoe

exmpe owntsillr thi stat mpementeasflw: hoteusrnts

aREAD statemen tSe syt7 rsoda hw nVg~ 1,b

Thi falloing thatrtds wouldy tac cntivoe row of Thisa to be plactd

into cohlumns of dat 3he5 mai ue ed 7 ftewoto bhe catred. musto dat

forderoe1dv bye TOSnOthrad thefis cardpunthe dequence RoW (tc.). ' tho,

use I or iintoersathitehhnsirodnmentrro in enstberpsibl dtoaddressy!.*

avEtosatmn the requst b respond sg wit SO horn in Fisgthe n byo

that row at which he wishas to mao the change. The- noxt line of data,
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is then entered in the designated row. The consequence of this command

is the resetting of the row counter. The second line of data aould

enter the (n+l)st row unless the user indicates another row by using A

the ROW n command again. Exit from the read mode is accomplished by

entering any other legitimate OMNITAB command.

B. DOCUMENTATION

In the implementation of interactive OMNITAB, the point of depart-

uro was the IBM 360 batch version developed by Chamberlain [15,37],

since, for our purposes, it was more suitable than the original NBS

version[31]. Those subroutines which required extensive changes, or

even complete re-writing, have been indicated by an asterisk (*) in

the summary beginning on page 35. Some entirely new subroutines,

howovor, had to be written especially for interactive OMNITAB. Preced-

ing the summary, the role played by each of those now subroutines is

explained. In addition, some of the changes made in existing routines

will be discussed.

As each command is entered through tho keyboard, a number of

clixcks is performed to dotermine if the arguments are legal. If the

command appears to be executable, a subroutine PLBK is called. 11is

subroutine piororms several functions. Pirst it writes the command

on the screen and the message which follows as shown in Piguro 111-3.

It then awaits the user's response. if the user replies by pressing

key 1, the command will bo written on a data set for later recall if
I.

dosirod and control will roturn to the subroutine whero the command

will be executed. If the user presses key 2, comtrol will pass to the

*K*. . .- - -
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driver subroutine where the user can correct his error and reenter

the command.

The subroutine PRGRAM is used to display a listing of the commands

which have been executed as shown in Figure 111-6. It retrieves them

from the data set on which the subroutine PLBK has written them. It

also displays all the data which have been entered into the worksheet

via READ commands.

The subroutine DISPLY is used to write the instructions which

appear in Figure 111-7. This frame is the first to appear when the

user loads the OMITAB package and briefly explains how to enter com-

mzands and what the programmed function keys will do.

The subroutine WORKD is used to present the different sections of

the workshoot. Figure 111-8 shows how a section is displayed. Other

examples appear in chapter V.

The subroutine COMAND is used to list the commands currently

implemented in this version of OMNITAB. If coands are added or

taken out, this subroutine would have to be changed,

* Finally the subroutine SCRAM is used when a large amount of scratch

area which would not fit into the core region is needed; in this case,

Mocess scratch space is provided on a disk as "virtual memory."

There wore several types of changes from the IBM 360 batch version
[37] that had to be made in this implementation. Each will be discus-

* sod in somo dotail Nany changes wore required because this interactive

version utilizes completely different input-output devices. A number

of changes were made to enable the program to tun in the limited amount I

of core available. Finally, sovoral changes wore made to achieve more

officient subprograms.

= 4" ~ ~* * . . .
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OUTPUJT AREAl
F" THE SCREEN RECOMES FULL AN RLARM WILL SOUND. WHEN YOU RRNT TO SEE
ttg NEXT SECTIUN OF YOUR PROGRAM. PRES6 KEY 2.

ERASE
REn 1 32 3
123S246
42s 1

19.5

RON 5%

-REPLY. AREA-

ligaure 111-6

Listing of coarnds entered and recovered using PRGPlA-.

. , ". . , . , . . • . - . ;
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OlUTPUT AREA
,TMIS PROGRPM IS DESIGNED TO ENABLE YU .10 USE 0,1,1ITAS COrMi•ANDS ENTERED
ITHR,1UGH THE TYPEWRTER KEYBOARD DIRECTLY IN FRO,,T or YOU. TO SIGNJAL
ICOIMPLETI:,N OF YOUR COMMPND. FIRST DEPRES6 THE -RLT- KEY. AND WHILE
HOLDING IT DOWN. DEPRESS THE "5" KEY.

AT ANY TirE YOU MlPY LOOK AT THE WORKSHEET BY PRESSING ANY OF TWELVE
PROrRRM.gED FUNCTION KEYS. EACH KEY WILL CAUSE A 40 BY 5 SECTION OF THE
RVRKSHEET TO oE DlGPLAYED. KEYS 4 THROLIGH 9 WILL DISPLFY THE FIRST 40
ROWS WITH KEY 4 DIOiPLRYING COLUMNS I THROUGH 5. KEY 5 OXSPLRYINL) C.LUMINS
6 THROUGH 10. ETC. KEYS 10 THROUGH 15 WILL LIKEWISE DISPLAY THE LAST'
40 ROWS.

AFTER SEEING A PARTICULAR SECTION YOU MAY SEE ANOTHER SECTION BY
PRESSING ANOTHER KEY OR YOU MAY ENTER MORE OMNlTA8i COMMRNDS THROUGH THE
TYPEWRITER KEYBORO.AD.

BY PRESSING KEY ?0 YOU WILL RETURN TO THIS DISPLAY. DY FRESSING ýEY 31
YOU WILL TE~RrINAUE THIS PROGRAM. BY PRESSINg3 KEY 3 YOU WILL bE ;;.'.E TOELTE 01N1ITB COmmiADs .U,,RR..,TLY AVAILABLE. BY PiESSIND
KEY 2 YOU WILL SEE A LIST OF THE OdNITR5 CO,6MM8D'S WHICH YOU HAVE L-1TERED:. READY

SI-

R~EPLY AREA

&Figuro 111-7 I

B~asic Instructionsj

." I
A, - . . - -A. -
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OUTPUT RREA

NORKSHEECT PART I

2 3 4 5S2 .00000 2.00000 3.00tcoo 9.0oooo 8.00.oo0
e.OO 4.00000 6.c1101, u."003 48.0000

3 4.00co0 2.00000 5.00000 L;,, -. cc0 4C.CCCO
4 H.0co00 9.000O 1050000 2S'.Scco icB.coo
5 .0 0.0 0.0 0.0 0.C
6 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 C.0
10.0 0.0 0.0 CC C.C
9 0.0 0.0 0.0 0.0 0.0

IC 0C. 0.0 0.0 C.C e.0
11 O.c 0.0 0.0 0.0 0.0
"12 0.0 0.0 0.0 0.0 0.0
13 0C0 0.0 0.0 OC 0.0
14 0.0 0.0 0.0 C.0 C.0
15 O-C 0.0 0.0 0.0 0.0
16 0.0 0.0 0C0 0.0 0.0
17 C.C 0.0 0.0 0.0 0.0
i8 0.0 0.0 0.0 OC. 0.C
19 0.0 0.0 0.0 0.0 0.0
20 00 0.0 0.0 041 0.0
21 0.0 0.0 0.0 090 0.0
22 0.0 0.0 0.0 0.0 0.0
23 0.0 0o. 0.0 0.0 0.0
24 0.0 10.0 0.0 0.0 0.0
25 0.0 0.0 0.0 -00 0.0
26 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 C-0
20 0.0 0.0 0.0 0.0 0..
29 0.0 0.0 0.0 0.0 0.0
s0 0.0 0.0 0.0 0.0 0.0
a1 0.0 0.0 0.0 0.0 0.0
92 no: 0:0 0.0 o.o 0.0
33 0,0 no. 0,O 0.0 ().0
04 0.0 0.0 0.0 0.0 0,0
as 0.0 0.0 0.0 0.0 0.0

37 0.0 ' 0.0 0.0 0.0 0.0
3l 0.0 0.0 0.0 0.0 0.0
A0 0.0 0.0 0.0 0.0 0.0

REPLY IREII .

• "Figuro .111-8 .

Soction of Workshoot
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For the batch version of OMNITAB, the input device used is gen-

erally a card reader. The OMNITAB commands and data are punched onto

cards. The OMNITAB compiler reads each card and executes the requested

task sequentially. For the interactive version of OMNITAB, the com-

mands are entered from the IBM 2250 keyboard. Each instruction is

executed as it is entered. The user can not enter a command until the

previous one has been executed. In addition, the user may exercise

several options following the execution of any command.

Changes in several subprograms had to be made so that the above

procedure could be used, In the batch version of OMITAB input was

achieved with a call to the subroutine INPUT. In the interactive

version, this one CALL statement was replac.-.d by thirty-eight state-

ments beginning at label 52. (See Appendix p. 259) This sequence of

statements performs the various tasks associated with input. This

includes a sequence to write out the line READY to inform the user

that another coimmand may be ontered when this is appropriate. It also

includes a sequence which ,writos out tho row numiber when the user is

ontoring data. A number of statements are required to handle the

interrupts received from tho progrxuned function keys. Vinally a body

..of code was nocossary to control the flow of the program throuI h. thoso

various, options. In the subroutine INPUT it was. also nocossary to

roplaco the RUIAD statement by a call to the subroutine GRRPLY which

rotrovos a line cntreed from the keyboard.

In the batch version of 4WNITAB,. output was dispatched to a

printer. There wore a number of comands which could be used for

obtniuing the desired output frofa the program. In the interactive

vorsion all of those comumds had to be-eliminated. This meant that
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references to these commands in LOOKUP and OMNIT had to be eliminated.

On the other hand it was necessary to make provision for retrieving

intermediate results from the worksheet. The subroutine WORKD, discus-

sed in the beginning of this section was written to satisfy this need,

Error messages are related to the problem of output. The two

subroutines ERROR and AERR required extensive modification. In both

subroutines messages no longer necessary were removed and new messages

had to be provided. In both subroutines WRITE statements could not be

used. They were replaced by calls to the subroutine GRDPLY which

writes lines orn the screen. In this interactive version only one error

message can be displayed for each command. A check, therefore, had to

be displayed for each command. A check, therefore, had to be inserted

at the beginning of ERROR to prevent multiple messages from being

displayed. For fatal errors this flag will prevent execution until a

correction is made. Por arithmetic errors, the flag will prevent

recording of the command on the temporary data sot used to store a

record of the executed program. This is generally done following

"execution of a conmmund. Thus it was necessary to insert several

statements into ERVOR to record the command onto the data set at this

potnt. For inforvative diagnostics, the user may choose to ovorride

the flag and have the command executed. Several mnoro statements had

to be added to 9=I1I1 to provide tho user with this option.

The core limitation has been mentioned previously in colmoction

with the workshoet size. Because of this limitation, a number of

changes had to bo uwde in several subprograms. In the batch version

of ONNITAB Da fairly largo sciatch area was available in core fox,

-.. , - .. • ,. • .----. ..-. ' .--.. .
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storing intermediate results for such commands as matrix inversion.

In the Interactive version a small scratch area capable of holding

a full column of data was retained in core and the subroutine SCRAM

was written, which extends the scratch area to disk, for use when a

larger area is needed. Those subi-outines which had to be extensively

modified for this reason are INVCHK, INVERT, MATRIX, MDAMAD, MMULT$

MOVE, MXTX, SPINV and TRANSF.

The subroutines INVCHK, INVERT and SPINV are used for matrix

inversion. The problems caused by a lack of scratch area were most

pronounced in these subprograms. In INVCIIK, an orror bound was calcu-

lated and supplied to tho user whonev~<r he inverted a matrix. 1n1 the

interactive version, the determinant of a matrix was displayed instead,

as statisticians need it from time to time and pretision can be cosily

chocked by reinvorsion when necessary. As a consuquencc, the section

Soveal-xamlosof hanas mde o ahiee agreterefficiency

willbe iscssedhor. -t souldbe oined ot tat ho eveloper's

of )MNITAB made an- effort to use algorithms which vould I~rovido tho

usor with a rolativoly high degree of precision, An ',xatmplo of this4

is the uso of 11alsht's orthwaormalizing algorithm,. ORTHIO 3.,l1%'31021"61.

Whs provided -very g:ood mat~rix- inversion woutivo 1.43.62,63). Por.

this reason, m~inor chn~soly were made.

In th uruie R11adFUCsvrlc:PtdG Touu st-

monts, wore used to repeatedly br~anch to-the section of the Prog~ram

whore a~ given operation. is performad.. Those comp~uted G:O.TO statements

4'
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1* were replaced by assigned GO TO statements. Several other changes, such

as the insertion of ASSIGN statements, were associated with this change.

In the subroutine TPANSF which is used for the matrix operations

XAX' and XIAX, the multiplication is performed in one step. A much more

efficient method is to perform two matrix multiplication steps. This

required rewriting an entire section of TRANSF. The same section also

had to be changed because of the reduction in scratch area discussed

earlier.

Tio other subroutines which required extensive modification were

LOOKUP and XECUTE. LOOKUP determines if a given command is legitimate.

Since many commands were added and others were removed, changes needed

to be made to reflect this. Similarly, XECUTII, which is used to pass

control to the subroutine appropriate to a given command, had to be

changer to ref loct the additions to mid deletions from the set of

comands,
The documentation which appears at the end of-this chapter pIovides

information concerning all subprograms which havo boen modified in any

way. Since there does not sorm to be detailed documontatio, of those

programs in their origiinal version (5.131, the description given in
this section is-aS solC-contaiid as possible, and not restricted to a

doscription of choii•es necossary.for .adaptahion to iieractive statiz-

"Uical use. Tho information provided includes a statomont of purpose of

each routine, the MV74ON block- variablos.used, and a brief trace of the

program logic.. It should be road in conjuction. 'ith the listing of the
routine (See Appendix.). It is hoped that this description will prove

.holpful in making similar adaptations elsewhere, D~ocumentation of the

statistical distribution subprograms can be found in Bouver [6). Sinco



A- v

35

the documentation is arranged ýalphabetically, it is desirable -first to

describe briefly the purposesý of the, documented subprograms in accord-

- -ance with the various types ~of functions which the subprograms serve.
There is a very short MAIN* program- which :opens and closes files,

iyitializes the Graphics Monitor System and calls OMNIT*. OMNIT* is.

the principal'subroutine and controls execution of the 'userl's commands.

The subroutine XOMNIT, called by 6MNIT*, initializes several variables 3

to values which indicate the beginning of a userts session..

A ntmber of subprogyams are used o rnltn teue' omn

into a form which--can be used for execution of the command; (this is

discussed in greater. detail in Chapter.IV); INPUT*. picks up the line

entered in the reply area of the CRT. OMICONV* converts the entered

character string into a nuinerical code. NNJAMI3 converts the keyword

into two numerical values which uniquely idontify the com~mand. -NONBLA

is used in scanning the line to find non-blank characters. AARGS* is

used to convert a string of digits into the appropriate number. Mien-

ever asterisks are'encountered, ASTER is used to obtain information

needed to finally obtain the indicated argument(s). As=E will call

PHYCON* and VARCON if a name appears within asterisks. These subrou-

tiblos idontify legitimate names as either physical constants or

variables. EXPAND perfo~rm the final translation using, XPND for

argmetswhich usod astorisks.

After translation is successfully completed sev ral more sub-

routines are needed before execution can begin, LOOKUP* checks to

see if the entered commands are legitimate. XLCU7,E* calls the subrou-

tines in which execution of the various commands is actually ca'rried

out.
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A number of subroutines are available for use in subroutines

which execute commands. ADRESS calculates the address of a desired

argument. CHKCOL checks to see if all arguments are legitimate column

numbers and, if so, obtains the addresses of the columns in the work-

sheet array. CKIND chocks to see wnether the a-, .ients are all float-

ing point, all integer, or mixed. MTXCHK checks to see it matrices fit

in the worksheet and calculctes their addresses in the worksheec array.

VECTOR stores a single constant in an entire coluin. SCRAM is used

when ostensive scratch space is needed during execution of a comrr nd.

PLBK is used to halt executton while the user checks the ,ccnmand which

he-has entered.

Two subroutines are used for, displaying error messages. ERROR*

displays messages. when theu error is syntax,. ALRRA displays messages

when the error is axithmetic.
EiIO0INT and PFINT set a variable TTYPE 'to indicate the type of

interrapt. If the interrupt was a programmed function key interrupt.

then several subroutines are called tO respond to the user's direction. .

GOMANM displays the list of impl.emented commands. DISPL produces. the

display which appears initially mid contains some instructions. PRGRA.

displays. the usor's entered program.. .1AORKD retrieves and displays.

sections -of the worksheet array.

SSoveral subroutinos are used to onter. data into'.tho: workshoet. f
GENIRV.is used t. -gnorate a ;column of numbers by spoocifying first

numbeor last number and 'increoment. tWAX* perf~ors ini.tialization

necessary yhen entering data following a=. wcmand, REAOQ' is

K;used to enter rows of: data following aRAD U omad $UT"A prfor

d -

S. . N ..
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Sinitialization necessary when entering data following a SET command.

SETQ* is used for entering data following a SET conmand.

Finally, there are many. subroutines which are used for computation

in response to specific commands. These are the following: ARITH*,

ARYVECJI CHANGE*,, DEFINE, Li\ASI3,. XCHNG,' EXPCON*. EXTIiM, FLIP, PUNCT*s

FCOS, FEXP, FEXP2. FLOG, PFSIN, FSQ`RT, -INVERT* (which uses INVCHIC*-and

SPINV*)0 MATRIX*, MDAMAD*, MISC2* ?JMULT*, MOP*,, MOVE*, MRAISE, MSCROW,

'MXT"*s PJD.jTYfOPROROW, RESET, SOUnER, STATD and TRANSF*.
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THlE COMMON BLOCKS

CQMON VARIABLE
BLOCK NAME DESCRIPTION

BWOCKA MODE=l For interactive mode

MODE-2 Por' input mode.

M A pointer and scans through the array KARD,

KARD (77) An array which contains a numerical

representation of the input line,

KARG, ARG Used for various purposes during the
ARG2

compilation of the argument portion of

an input line,

NEWCD(19) Contains the most recent input line.

KRDVIND Set to the maximium number of characters

in an input lino.

NF.ICDS(l9,S) Used to save 5 consecutive input lines

boforo writing them out on a data sot.

KSAVE Contains tha iiumbor: of lines in NIEWCUS

which have not boon ~writton out,

NSAVfl The data set number usod for both storing.

input linos and as 'a -scratch area.,I

1< N PLAG Usod to prevent execution of a command.

Normally NPLAG is 0. NPLAG is sot..to
1to povoot exccution,

44
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COMON VARIABLE

BLOCK NAME -DESCRIPTION

BLOC.KD- RC (2439) Cont.ains the worksheet (2400 elements) and

the floating point argument list (39

elements),.

IARGS (69). The integer argument array,

XIND (39) An array used to determine whether the

i Ith, argument, is floating point

ARGTA(51)(KIND(I)=l) or integer (KIND(I)=O).

ARGTA(51) Contains information obtained in the sweep

of the input line and is used to obtain

the arguments for a command,

L 7 N.X The number of rows beingy used.

NROW$NCOL The number of rows and number of columns

of tho worksheet.

NARGS Gonorally contains the number of arguments

in the input line but is modifiod during

execution of some commands.

VWqXYZ C$) The Uiser's variable array.

BLOM:' 'NAME 1(4) Anu arrdy containing tho uumerical repro-

sontation. of tho comanIdc %and any

w Colmmad -modifier.
LIIndicates tho group..to which a command

AWqig
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C(AW1MN VARIABLE
BLOCK NA ME DESCRIPTION

BLOCKE L2 Indicates which command within a group

, has been used,

ISRFLG=O For READ initiated input.

ISRFLG=l Por SET'initiated input.

"BLOWF 'NCTOP Contains the top row of the workshoet and

:is always one.

ioNSTS PI, E and Contains the values o.o u. e aM ir/2 for
I1"LPPI

internal use by the program.

IDG and RAD Are used for converting from degrees to

radians and from radians to degrees.

4PLOT The variables in KPLOT are used in obtain-

ing CALCOMIP plots of the screen. ,

P=ONST P An array containin the values u and o.

N An array contazining the numorical transla-

tion (OMNITAB codo) of the characters

PI and E.. This.:enables the user -toI type P1 and E and have the program
vocognizo them as constants.

QRMa NrftON ?arks the end of the column into which

.. .data are placed using the SPIT coommd

. J Is used with both MRAD) and SET to indicate. ,

. ....- , . . . . .j• , .'
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COMMON VARIABLE
B~LOCK NAME DESCRIPTION

J (cont.). the row into which data are to be

placed.

NNARG Used in the READ initiated input mode and

contains the number of arguments in

the READ-command.

SCRAT A Used as a scratch area.

f '



1 42

MAIN PROGRAM AND SUBPW~GRAMS

NOTE: Throughout this section, the word "coordinate" refers to either

th "ro0w, column" designation of the upper left hand corner of a matrix

or to the position in the worksheet array RC where the upper left hand

eleoment of the matrix is located.

4 VG

PURPOSE: This subroutine reads a string of digits and assembles a

a number from them.

COMMQN BLOCK VARIABLES USED

BLOCKA Ma KARD, KARGO AUG

LINE FORTRAN

NUM~BER LAREI3 comtiwrN

13426t2 10ollO SIG contains tesg ftonme

Al 23141 4 10 KAG1 ubri nfotn point m:ofude to

17 KARG4.~~~until a oiapinisfud

l~s3 010contains the numbor of-digits.

6SaC) A nub~orcontaining muore than 10 digits has t

41
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LINE FORThAN

4>NUMBER LABEL COMMENT

l6s204,31 The-value of IEXP indicates how many digits lie

to the right of the decimal point.

-27-33 20 The value of the number is obtained-as ARG.

38-40 Error: Two decimal points-were found.

15,54 :IXS contains-the'sign of the exponent.

46*53 50,52j54, -,Check for exponent following the number.

56 56 A number with an exponent must be real.

14,$57 70 JEXP contains the value of the exponent.

72$7375 12j126 Multiply or divide by the appropriatepwro

10.

67 110 Attach the appropriate sign.

77 130 Error: Real number is too largo to store in the

machine.
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APRE$S(IJ)

*PURPOSE: This ýsubroutine calculates the ackiresss of argument 1. if

the -argument is -a legal col~umn number, J will be equal to the

location of the top of the coluimn in the worksheet array RC.

If'the argum~ent is an illegal column number, J will be 0. If

-the argument is a-,f loating point number -J will be the address

, of the argmont-in the workshzet arr'ay R,". \The end of the

array .Rp (elements 2401-2439).is.,used to store. floating poinit

argumentst

COMIN BLOCK VARIABLES USED

*BLOCKO RCs IARGSI KIND, NROIV, NCOI.

DBLOCK NCTOP

LINE3 FORTRAN
NUMBER LABEL CONM4ET

14 .Calculate the location of a roal-argument, in the

artay RC.

16 10 Check to see if Polumn number is logal14

- 19 20 Calculate, the beginning of tho column in RC.

ABIIRto

A PURPOSE:~ This -subroutino causes error niossagos to'be written on tho

j i .. scrooin for ari.thmetic orrots oudy.. 1. is tho Oror" code.

lo
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LINE F~ORTRAN

NUMBER LABEL COMMENT

*8 1 dtetoiines which message is to be written.

9-23 55,201- Error-messages.

ARITH

*PURPOSE; This subroutine is used to execute the comimands ADD, SUB,,

tJLT4-DIV$ RAISE, SUBlTRACT,, MULTIPLY and DIVIDE.

COMION BLOCK VARIABLES USED

BLOCKA NFLAG

BLOCKD RC, KIND, NRMAX, NAROS

BLOCKE L2 I1for ADD; ~2for SUBl

3 for MULT; =4 for DIV

5 for RAI504; 6 for SUBTRACT'

7 for MULTIPLY; w. for DIVIDE'

- .LINE3 FORTRAN
NUMBEiR LABEL. COMNlT

-A

. 1$Equivalenco of-user comwiruds:

SUwrR1Tf ,SU1 f4JLtfIPLY=NQLT, PIVIDEaDtV.

.- 14;,1782S, 2 Check for varipou ervors,.

4 248 ~ i2t)3O Obt~in allmiss. of voluza or locatio of oatt

for. each urewpint.

kI
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ARITH (cont.)

LINE FORTRAN

N1JlI1BER LABEL COMMENT

34 JJ marks the end of the column into which the

results are to be stored.

35•36 IJ is used to determine which loop to use to

execute a given command.

37-95 There is a DO-loop. for each type of command.

ARYVEC

PURPOSE: This subroutine is used to execute the commands M(AV) and

- (V'A).

COMMON BLOCK VARIABLES USED

DLOCKA NFLAG

BLOCKI) RC, IARGSO NARGS

SC IsAT A

;."!0= L2•6•for 4(AV)

47 for 14(V'A)

LINE PRTMAN'~
NUMBE~R LABE3L COWIRNT

is There must be either 6 or 7: argumats.

9-21. - All arguments munt be integers,

:26"27 Th- fifth arsument must containthe, colu . .

umbar of the vector.

• , •: : .:_
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AR.YVEC (cent.)

LINE FORTRAN
N•MBER LABEL COMENT

31-32 For the command V'A, ICS will contain the row

in which the result is to be stored (and

must be within the worksheet).

34 440 For AV, ICS will contain the beginning of the

storage column in the worksheet.

37-41 450 For the 7-argument case, treat the result as an

a by I or I byb matrix. Note that L2=6 for

AV and L2=7 for VIA.

43044 460 Chock the legality of the matrix or matrices.

51 lAP contains the address of A.

52 For the 7-argument case, set ICS to the coordi-

nate of the output matrix.

53 IP contains the length of the resulting vector.,

55-61 640 JP contains the i•plied l•ngth of V. IADI and

IAD2 are in.crcimie.ts used for obtaining the

correct result in tho multiplication. They

aro sot to a, i for AV mid to 1, b for VIA,.

62-71 660-740 Porfor= the multiplication using the scratch

array A to hold the resulting vector.

75-78 Storo tho resulting :vector into the designatedo

location in the workshoot,.

. . -" . ,- , .--
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ASTE-R

KPURPOSE: This subroutine is used when asterisks are encountered in

an argument list. It compiles that part of the argument list

which uses asterisks.

CO1MMON BLOCK VARIABLES USED

BWOCKA Mo 1(ARDO ARG, ARG2

KARG I2 Single'Asterisks

0 .Doublo.Asterisks

2 Floating Point-Constant.

3. Integer Variable

a 4 Floatins Point Variable s output

= Work-shoot Caitry, to be used
as an- intogor

-6 lorksheet Entry, to- be usodi
As a float ing point: number

7Astorisks, indicatin g through

ýLXNE FORtTRAN
D LANW OMET

20 10' Chock for string of asterisks.

644~S 0,110 KARC indicates how the astorisks wxoe used.
702W.

I's to is-a "througho'

20 - Eror; &oudi r or letter 1taust follow asterisks4

29Ju~pifa lottert is found

34,!-49: 30,,40p4$ Istablish a work-shoot rofboniec.

.4.
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-ASTER' (cant,.)
LINE FO)RTRAN
NUMBER LAB3EL COMMENTS

34 30 Determine the TOW Or column number.

35 Error: Argument must be integer.

36 Row number must be followed by comma and

column number must be followed by asterisk.

39 Error: No column number..

44-47 45 ARG=row number; ARG2.'. Column number.

53 so Code the name,

54-55I Check to see if name is a. physical constant.

60 Error:- Physical constant must be-real,

65-66 60 Check to see if; name is a logal variable name.

67 Error: The name is not legal.

68 70 KARG=l indicates an error,

71-78 90,100 Eriror: ý Number of astorisks following expression

is not equal to the number preceding the

expr~ession.,

BLOCK1DATA

PURPOSE; This subprogram initia~lizes somp~conStantsl

COMMO~1N BLOCK VARIABL!'S USED

BLOCKA MODEJ, Kttuiýt.'is& ,. V.I~~ NAVI NPLA

BLOCKD NRIVAX; NROW, -NCOL'

BLOCKE



g.BLOCK DATA (cont.)

COMMO3N BLOCK VARIABLES USE3D

BLOCKP NCTOP

CONSTS P1, E, HALFPI, DEG, RAD

KPLOT NFRAME, KIcND, SIZE, SPACE

-PCONST Ps N

LINE FORTRAN
NUMIBER LABEL CO1M2ENTS

15p 16 Set some constants used in the system.

17 P contains the values of vr and e and N contains

the OMN1ITAB code of the characters PI and E.

19 NROW and NCOL contain the dimensions of the

worksheet. NFRAMU, KKND, SIZE, SPACE are

used for preparinff CALCOMP plots.

CHANGE

PURPOSE: This subroutinoe xecutos.the command CHJANGE

CONMNN B~LOCK VARIABLES USED

ULOCKD RC, NRMAX, NARGS

BLOCKA :4IVLAG

LINH POURhAN

NUM~eR LABEL CO).WINS

8-11) 903"910 Chock for orroXa.

1$J will bo -tho bagimiae. o tho oun

Ai.I
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CHANGE (cont.)

- 17,18 20 Change signs.

CHKCOL(J)
SPURPOSE: This subroutine checks to see if the first NARGS integer

arguments are legitimate column numbers. J will be 0 for no

. error and 1 for error. IARGS(l) ,through IARGS(NARGS) willA
become the addresses of the columns in the worksheet array RC.

CO.O40N BLOCK VARIABLES USED

BLOCKD IARGS, NARGS

* LINE FORTRAN
NUMBER LABEL COMMENT

11 10 J is sot to I if any error is found.

Ig 10 There must be at least one agrument.

13-15 20 Chock to see if each argument is a legal column

-number.

17 J is sot to- 0 if no orror is found.

If CKIND(J)"II c o ) ....

PURPOSE: This subroutine chocks- the typo of the first J arguments.

J is sot to 0. if all arc intogerssto 1 if all are floatit.

point numbars .and to 2 if both typos are Lowid. ..

-- OWN BLOCK .VA{IALES USI). "
"K o KIND '.:i: •'.. - " •'
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-CKIND(J) (cont.)

LINE FORTRAN
NUMBER LABE~L COMMENTr

9 JA will be the-number of arguments to be checked.

10 J will remain 0 ~if no floating point ,numbers are

found.

11-13 10 Check for floating point num~bers.

15 is J is I if no integers are found.

16-18 20 Check for integers.

20 30 J is 2 if both types arc found.

COI4ANf(*)

PURPOSE: This subroutine displays on the scroon a list of availableI

co~iands.

LINE~ FORTRAN
NUmspR LA BELCOMENThI

B- ~Those two 4 stateme'nts contain the names of

al I commands currently implomented.

37 .NSIZE is tho number of conmiads, The arrazy

VN9 N AiS ust. be dihionsioned 2* NSIZE. o

38 'NIIOS colitains the numborv of ull rows o

-comuiws which& wil-b displayeu on ,the

1*.1*.39NLEK.1 conitains tho nm~bor'of commnds to be~

display0d in the last Tali of, -commands.
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COMANDC*) (cont.)

40 Erase the screen.

.41-42 Write a heading.

43-48 •50-70 The array K contains O's and l's. The first

.NLEFT elements are 1 and the remainder are

0 This array is used in obtaining from the

array NAMES the names which belong in a

given raow.

50-60 100-200 Write out each full row of commands. The array

NMORK is used to hold the names pulled out

from the array NAIES for each row.

62-70 300. The last line nmay not be a full line,
not a

DEFINE

i I.
PURPOSE.: This subroutine.js iusod to execute the cowimand DEFINE.

CO0MON BLOCK VRALSUE

BLOCKU RC, IAR'GS, KIND, NIUAX, WARGS8 NRO0VJ

BLOCKE. LI, L2 J3

LINE 10•0TITAN
S..4..R LAPEL " M' " NT

Chock for illegal number of argumonts,
••24 10 I.4 for i ,togr 1 for real..•

error: The first uigumont in the 4-argument .
.. fo , -. . . ..'

•!i• : """ : .:.: :
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LINE FORTRAN
NUMBER ,AR•EL COMMENTS

c-•' 27 L2=2 (column, column)

=3 (row, column, column) and (constant, column)

=4 (row, column, row, column) and

(constant, row, column).

30 L marks the beginning of the storage column.

31 Error: Last &gument must be a column number.

32 20 Error: Only w.hen L2=4 can NRIbtX be 0.

34-37 30 WVhon L2=4, L must be changed to point to the

* requested row.

39-42 50,55 J marks:the beginning of the origin column.

43-46 J is changod to point to the requested row,

47 ARGS(..) must contain tho required constant.

" 1-5 65,70 Copies .irst column into second.

56 80 The required value is copied into the first ..

S,101AX rows of the referenced column.

58 .90 The vquirod value is copied into the- designated

row and coltu . .

RWEIR0..: 11his subroutine is used to produce tho initial display ,

" ich appears after the user ontors $LINKO,\frA9.

....... . . : : .. . . -,-, ,.. . - . .'j

.. : . ... •. .. ,...

.* - . ... V
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EOBINT

PURPOSE:. This. subroutine sets ITYPE to 2 when the wait state is

V iinterrupted by an EOB.

COMMON BLOCK VARIABLES USED

BLANK ITYPE

ERASE

PURPOSE: This subroutine is used to execute the command ERASE.

COMMN BlLOCK VARIABLES USED

BLOCKA NFLAG

BLOCW IARGSs W~AX, NROW, NCOL, NARGS

LINE FORTRAN CMET

.9.10 All ar'guments must be column niumbers (I-0O)

p17j18 40 Zero out oach columnu in the airgument list.

P~URPOSE1: Ibis subm'utinio is used whenever an error is deteicted, I
1 and infoms: the. user as to the nature of tho err",,

COMM OHLOCK VARUADfl.U 1I180)[ ELNK IVLY, KEY

1V-
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flRROR(I) (cent.)

COHMON BLOCK VARIABLES UE

KPLOT NFRAME, KKND, SIZE, SPACE

BLOCKA NEWCD, NEWCDS, KSAVE, NSAVE, NFLAG

LINE FORTRAN

NUMBER LABEL COMMENTS

10. For arithmetic errors, this prevents the

error message from being repeatedly

displayed.

11,12 J will be zero for arithmetic errors.

Display the entered command.

17 J will be 1 for hinformative diagnostics.

18 NFLAG-1 indicates error condition.

19-68 1-30,3000, Display error message for' fatal errors.
5000

77-88 9001000044 Since an arithmetic error has occurred
25009003

t he command must be written o~n a data

*sot hoer rather than after execution

has boon completed.

I *92-1.16 400-4150 Display informative diapxostics. *

40(10,4$00

117-120 PPK22 will initiato proparation of a data

so e'plotting t io-CRT imaeonaI
...sot 4 f lot. ton.

AW1 ... 4tT
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IEXCHNG

SPURPOSE: This subroutine is used ,to execute the command EXCtL4NGE

OMIMON BLOCK VARIABLES USED

BLOCKD RC, IARGS, NRMAX, NARGS

BLOCKA NFLAG

LINE FORTRAN

NUMBER LABEL COMMENTS

7 There must be an even number of arguments.

809 All arguments must be column numbers.

S13,2O 30 The exchange coimnand is executed.

EXPAND (J 1qfLERQ~

* PURPOSE: This subroutine is used to translate information whicli has

boon stored:in the array-WERE into a form which will be used

for the actual execution of commands. J indicates the number

of lolemnts in WHIERE containing inform•ation uoodod for tih

current comaild.

I BLC. V$ARTABLU.S WISW

fLOCKI) IARGS, ARQS(equivaloncod to VIC), KIND,

: * V NAUGS

LINE rVATRAN

hLA114L Co. WNTS

1 1. i will be used us the subsg-.pt for the

ar6ys. AUCS6 KI) anid ARGiS,i**j.
U
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EXPAND (J , WHERE) (cont .)

LINE FORTRAN
N U, BERLABEL .CO'MEN'TS

13 1 will be used as the subscript for the

input'array WHERE.

14 JJJ marks the end of the array WHERE.

15-17 10,15 Increment the subscripts and check to see

if any more conversion is necessary.

20-22 20 Positive T indicates an integer argument.

Set KIND to 0 and store the argument

*into IARGS.

23-26 30 If T' is 0 then the next element of IHERE

contains the next argument which is

real, Set KIND to 1 and store the

argument in ARGS.

28-36 41-50 Tho subroutine XPNI) obtains arguments when. A

rforenco is mac!o using a variable 01'

- ~a woik~shout location.

40 100 ~ Tho following section-i used when

W03 found in the commaand.

43 Lror Both drg~uuonts surroundink *

must be iiitoeors.

4515' U.41 oti the initogar arguiaent

followin
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E.XPANID (WI, .ER1) (cont.)

M LINE FORTRAN
NUMBER LABEL ci.•rNTLg

"46-52 106-125 Incrcase NARGS to include the number of

implied argurnint,; and check to deter- .

mine whot:har exnapsion is from a high

value to a lower v:alue or from a low

value to a highcr one.

53-56 140$150 Fill wI., i':h thý. implied arguments and

snt the correspor:ding ilcments of KIND

•;I 0A

58-65 1c the s•ohputino XU.&N to obtain the

f. val.i. -f the inttwor argumcnt followingiA

-. U

This stubroutine - S t sed for nx-,cuting the commands

HVEmCO1(AG, AVU•CnIAG:, HMVI.AT, AVL(,Aa•A,1 1 iI4,C M mid AARRVIiC,.

ILOCKA HPLAG

S......0C L • ~G. -ROW . ~ IGS

. .L .~i. .L 1 .. .~A

. .2 AVCIAG

3 WVECAHU
-A 4 'AT VIC

§ - 1
3. .. • ,

" i ::r " . . • .. . .-
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EXPCON (cont.)

COMMON BLOCK VARIABLES USED

BLOCKE (cont.) S MARRVF3C

SCRAT A

LINE FORTRAN

NUMBER LABEL COMMENTS

10 There must be either. S or 6 arguments.

12-14 100 All arguments must be integers.

15-17 The first 4 arguments identify the matrix.

Check for errors.

a18,19 102 ILL will contain the address of the

column in the command.

20-24 Initialize constants that will be used in

performing the required operation.

25 For MVEC4ALT,, AVECARR, tV1ATVEC and AARRVEC.

the implied longth of the vector is

the product of the number of rows. mid

number of colurmis of tho tmatrix.- This

Must bo limited to 80, the length, of a

26428 If thovo aro 6 arsgumants, ILCI, the address

of tho vactovrs must be adjustod-to a.

rwotherta the first row of. a
row r. tit-

colu=i. The iimpliod length of thej

vector is further restrictod also..

20 103. IX.X mazrks tho end, of theo vcctolý.
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EXPCON (cont.)

LINE! FORTRAN
NW~fER LADEL CCOMMEFNT S

36-43 120-130 The diagonal of the matrix is stored in

the indicated column.

4S5-58 220-250 The designated matrix is stored as a

vector in the designated column.

60-70 300-305 The ar'guments are moved so that the first

four arguments designate the matrix.

71-82 310-340 The d~signated vector is stored as a

matrix..

EXTREM

PURPOSE: This subroutino is.. usad for executing the commands

MAX,, IAAVXIMIU MIN andi MINITMUM.

COMMON BLOCK VARIABLES USEP)IOK RC; IAtRGSO ZRIAX a NARqS-

DUCAA4 NI1LAGI LOKUL2 4 MXAX

WIMA.1

.6 MIN

Y:l
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EXTREM (cont.)

LINE FORTRAN

N NUMBER LABEL COMMENTS

10 There must be an even number of arguments.

14015 30 All arguments must be column numbers.

23$24 J is used to determine whore the maximum

or minimum is in the column. If NRMAX

* !is 1, then it has to be in the first

row,

2F-27 Prepare constants for use in the search.

32-35 70 Find the maximum.

39-41 80,90 Find the minimum.

42 100 J will be one less than the number of the

row containing either the maximum or

the minimum•.,

43-45 110,120 Exocute the command.

VCO$X)

; tIRPOsr: This f£uction evAluates the cosineo of x, checking first

" to dotermine that the value-o x isr within the bounds of the

-, ftuction and returnig 0 if the cosine cotnot be evaluated.

.•PiRI.:. .. This function evaluates- X, checking -first to see if over-

. flow would result and turning . if ovorflow or undortlow

------.----. " ,A .. -. . .* * .
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7I FEXP (X) (cont.)
would occur,

FEXP2 (BB)

PURPOSE: This function evaluates BE if possible and returns 0 if

tha evaluation would produce underf low or overflow or if 13 is

negative.

I ~)3EFLIP

Puk'-4'S This subroutine is used'for executing the command FLIP.

I COMiN BLOCK VARIABLES USED

BLOCKA NPLAGI &BLOCKD RC, IARGS, -NRMA, -NARGS

LINE FORTRAN
N ONB1 I ABH IEL COMMENTS

7 There must be an even 'num~ber of arguments,

11,12 20 All argumonts must be column numbers.

20-35 50,60 Flip column IARG(I) into column IARG(I+l)

for each~ arguakwit pair.I

I ~FLOG CX)

- PURPOSE: Thf~ function evaluates lu x for x greater than 0, It

I ~' returns. 0 for x loss than or equal to 0.
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MSIN X

PUTRPOSE: This function evaluates sin x if x is within the bounds of

the function. It returns 0 if x is not.

PSQRT CX)-

PURPOSE: This function evaluates the squ., root of non-negative x,

It returns 0 if x is negative.

FUNCT

PURPOSE: This subroutine is used for tho exocution of the follow-

j.ing commnand3: SIN, COS, TAN, COT, ARCSIN, ASIN, ARCCOS, ACOS,

ARCTAN, ATAIN, ARCCOT, ACOT, SIND, COST), TAND, COTD, ASIND,

ACOSD, AMID$f ACfVIf$ ABS, ABSLUTE,~~I BXP, EXVPOINENT, LOG,, LOGEO'

SqRT, NEGE.-XPl LOGTJ3N, ANTILOG, SINIH. COS11, TANTI, COTH, ASINH.i, -. .{

ACOS110 ATAN11, ACOTH and DEV1401.

CONIXONNBLOCK1 VARIABLIES ME~L

BLOCKA NPLAGIBLOCKD RLCj KIND, NMAX$_ NARGS
CONSTS HIIAFPI$ DEG, HlAD

BLOCKE I2 1ADS; -2 1.P
3 MOG; 4 SQM'1

5 NEGEMX; 6, LOM1U

.7 ANTILOG; 8 SINH

S9 COSI 1 10 TANII
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PUNCT (cont.)

COMMON BLOCK VARIAB~LESUE

BLOCKE (cont.) -11 COTH; 12 ASINH

=13 ACOSH; 14 ATANII

=15 ACOTH; 16 DEVNOR

17 ABSOLUTE; 13 EXPONENT

119 LOGE; 20 SIN.. ......

[ 21 COS; 22 TAN

23 COT; 24 ARCSIN

25 ARCCOS; 26 ARCTAN

27 ARCCOT; 28 SIND)

=29 COSD; 30 TAND

u31 COTD; 32 ASIND

=33 ACOSD; 34 ATAND

35 ACOTD; 36 ASINI4
=37 ACOS; 38 ATAN

39 ACOT

4.1I.

ji 21 Chock number of arguraonts.

-24 10IL will contain the (41dr)ss of the storage

column.

30 40. LZ will mark th cudo h trg

31 Theoaleof N::::wllbe one loss than

thunmoro

__ Ium
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FUNCT (cont,)

LINE FORTRAN
NUMBER LABEL COMM.NTS

32-36 45,50 This loop obtains, for each remaining

argument, the addrcs of either a

column or a constant depending on the

type of argumlent.

37-39 If a trigonometric function is f£llowed

by the qualifier DEGREE, the value

of L2, which is used to determine which

evaluation is to be performed, must be

modified.

41,42 If the first argument is real then the

"function needs to be evaluated just

once., LOCRTN equal to 1 indicates

this situation, Else a whole column

of arguments is used.

43-45 The valuo of L2 determines which functionl

is to bo evaluated, .

46 52 A1GS(1) will now aontain the value of the

function at the desired point when the

first argument is a ccinstant.

52 This ASSIGN statemnut is used when the -

first argcumont is a colurmi number and

will initiate the futction evailuation7

for each value in the column.,

! • .. : " , .' " • •. .. : . - .. : - " .- ..K
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¾FUNCT (cont.)

8,9When there are two arguments and the first

is a constant, store the functional

value in the designated column.

63 70 When there are two arguments and the first

is a column number, LOCRTN is 2.

64 1 will be used as a subscript to obtain

¾ ¾~.from the worksheet the input to be

evaluated.

65 80 Check to see if the end of the column has

been reached.

66 X will be the argument in the function

evaluation.'¾

67-.69 GO TO the section of the program in which

-the desired evaluation will be per-

formed.

70-73 Theporm eun to this place after

the function has been~ eva luated,.

Result is placed into the workshoot

and subscripts -are incremonted. I

74K2 will'be, used-to increment the subscriptI
for the second argument in'the three-

J..aumont case aind thus must be zero if

the second arg~ument is. a constant.

¾7982 .100 CoR)lote tho requir'od-computations for the

throe..argumont case wihoro the first
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FIJNCT(cn.

argument is a constant.

86-97 110,120,11S This section is used for the three-argu-

mont case when the first a. ntis a

column number.

99-102 250 This statement is executed only when

evaluations must be made for a column,

and passes control to the appropriate

section where the label for the begin-

ning, of the section will be assigned

to INDEX for use in the assigned GO

TO in line 67 or 90.

104 275 Pass on to the next row of the worksheet,

if..necessary.

105-7 2961 The. calculations for each f23 9-1 unction arc

performed in this section of tho pro-

GtENER

OtJRPOSE; This subroutine is used for executing thIonnn UfRATh.

COMM BL~UIOCK VARIABlLES USUiI

WLOCA NFLAG

BWCKD I-, ARGS1 )(IN00 NPRUI. NRtOW, ?ARGS

A~



69

SGENER (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

S9 'Check for illegal number of arguments.

13 20 Obtain address of column.

19-21 30,40 All arguments must be floating point or

converted to floating point numbers.

22-27 so Check that the end points and increments

are legal and find out how many rows

would be needed.

28-29 If the GENEPATE command requires more rows

than are available, the user is asked

to cancel the command or have it

executed as far as possible.

32-46 110-ISO Values are actually generated into the

specified column.

PUJIW1OSE; This subroutine reans a line from the CRT reply area.

11he character string is stored in NICD )and is converted into

La numric~al C'odo ltofed in KAI)R,

COMMON MhOCK VARfAUPLIS US•1I-

-LM . XMZW$ NLWCD, KU)END)

¢gI

k•j
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INVCHK(NB, DETT ,JP)

PURPOSE: This subroutine is used for moving a matrix into a scratch

area prior to inverting it. An identity matrix is also placed

into the scratch area since Gaussian elimination is used as

the inversion:method.

COMMhON BLOCK VARIABLES USED

BLOCKD RC, IARGS, NROW

BLOCKE L2

SCRAT A (equivalonced to B)

LINE FORTRAN
NUMBER LABEL COMIENTS
20 NA wi)l be the dimension of the matrix.

22 JC will point to the right hand side

vector.

23,24 Initialize some constants.

.25 JAP will be the address of the matrix.

26-40 9-12 1to DO 10 loop sots up NA records on a

scratch data sot. Eack record contains

a row of the matrix to bo inverted;

I •tids vow is obtained in the DO 9 loop

and a row of the identity matrix Is

generated in thm 00 12 loop. For

solving a system of linear cqtvations, *

the right hand sido vector is attached

to the matrix.
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INVCHK (cont.)

LINE FORTRlAN
NUMBE~R LABEL COMMENTSii

42-46 .13 Create the last row for t~ii conmmids

LINEAR and MLINEAR.

47 14 Call SPINV to invert the mwtrix.

INV ERT

PURPOSE: This subroutine is callod in response to the commnands

MINVERT, INVERT, MLINI3AR and LINEAR ind checks arguments and

stores the results. (The calculations take place in~ the SPINV

subroutine..)

COMMON BILOCK VARIABLhES USEDI

BLOCKA, NWLAGj

BLOKO RCk IARGSk KIN, NAGS, NROIV

SCATA (equivalenced to U).

2BWCKI3 L2 I INVErf, MINVERTV 2 LINLAR, MUMEA1

LINE FORVE11M
.7.N -L?4IE LWfaL COME ITS

ISCheck the niumber of argumonts,

Check-for illegal avguments,

.22~-2S rapand the fivo - argument form iiito an
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INVERT (cont.)

LINE FORTRAN
NUMBER LABIEL COMMENTS

21-30 90 There is one matrix to check for LINEAR

and MLINEAR and two matrices to check

for INVERT and MINVERT. The impliell

dimensions of the second matrix are

placed into the argument array.

31032 95 Check the legality of' the matrices.

33 96 A 15 by 15 matrix is the largest matrix

inverted by this system.

34-.39 Ml1 will contain the dimonsion of the

matrix to be inverted, For solving a

system of linear equations the dimen-

sion is one larger than the dimension

of the matrix oif coefficients and one

noods to obtain column a~ddresses for

the last two arguments.

44 Nou-zoro dotorminant im!plies sucessful

inwo~siono

45046 Sat Constants which will be used::iii

4-7100.*110 M10 invorso of the ma~trix is placed into

the worksheet.

606 3-10store the solution of asystema of linvar

oquatioits.
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INVERT (cont.)

:LINE FORTRAN
NUMBER LABEL COMMENTS

4-69 5010Write out the determinant of the matrix

on the screen.

LOOKUP

PURPOSE; This subroutine contains the dictionary of commands. An

entered command is compared with the entries in the di.ctionary

aind indicators are set to identify the command.

COMMU¶N BLOCK VARIABLES USED

BLOCKE NAME,, Li, L2

LINE FORTRAN4
NUMBERLAMM3L COMMENTS

198These data statomonts create a dictionary

of rcommands.

106-239 104-360 Comp~are, the coma &d giveni by tho user

with the dictionary of comands. Set

LI and LZ to idontify-the co~maxd.

240 699 Set Llto 0if thcommnznd is not in tho

dictionary.

A.j
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WAN

PURPOSE: This program contains a cross-reference table showing

for each labelled COMMON which subprogram it is used in. It

also shows for each subprogram those subprograms which refer-

ence it. It prepares a random access file and a plotting file,

initializes GMS, calls the OMNITAB driver-routine, releases

GMS and closes the plotting file.

)MWON B3LOCK VARIABLES USED

BLANK IOVLY

MATRIX

PURPOSE; This. subroutine is used in oxecuting the commands MADD,

MSUBl MI'RANS, ATRANS, AADI)s ASUBO Ai4!LT, ADIVIDEj, ARAISE1,

ASCALAR, HSCALAR mid SCALAR.

CO~O 0, % LOCK ~ IUARTALS UJSED

BLOCIA FL~AG

BI=JK0 1.IARGS, KIND, NAIRGS0 NIROW

SCRAT A

BLOW~i L2 I NAI
3. N TfiANMS ATP.ANS:

S4 A1W1

6 AW4LT

.7 AflVIN1
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MATRIX (cant,)

COMMON BLOCK VARIARLES USEf)

8 ARAISE

9 ASCAýIAR3, MSCALAR, SCALAR

LINE FORTRAN

NUMBER LABEL COMMENTS

22-24 Initialize some constants,

30-35 100-140 Chock the number of arguments for the

various commands,

42-44 605-610 All arguments at this point should appear

to be integer. This chock will also

indicate an error if an excessive

nudber of argumonts are used for

ASCALARO NSCALAR anid SCALAR.

47 .640 N2 points at oitbor'n c onstan~t or a columi

for the cascs in which not all arguments

defitio matricus.

48 For ASCALAR, I4SCALAR and SCALAR the N2

argumlnlt toust lie in constant.

53-61 660,680 Check the N2 arguoo~t. 1111 will poin~t to

oithor ai cosistant or a columtn. "~ipu-

lato the argur"Imt arrays so as to avoid

V. improporQr zroz dotection later.

66-69 .850 This refers to tho situation where only

oile dti!ýCnson is given for the matrixt

Thus all arguments except tho first two
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MATRIX (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

must be moved out one place in the

IARGS array. Thus IARGS(4) will equal

IARGS(3).

71-79 1300 The dimensions of the second matrix are

not given., Arguments 7 and 8 must be

moved into 9 and 10 so that the implied

dimensions can be stored in 7 and 8.

For MTIRNS and ATRANS the number of

rows of the first becomes the number of

columns of the second and vice versa.

Also NROWPP, a stopping constant, must

ho chialgod from NROW to 1.

88-89 1600 The dimensions of a third matrix must be

picked up from the dimonsions of •hio

S. first.

"" 91-92 1700 Chock w•-other the natrices fit in the

worksheot. J, the number of matrices,

•"is eitheor 2 or 3. .

97-105 1400,2000 Initialize some variables which will be

• i .used in performiog the requi~red,•

S~calculations, i

106-138 2100-3560 The required calculations are performed

wnd the results are stored on a scratch

• , ". . " V
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MATRIX (cont.)

LINE FORTRAN
NUMDliR LABEL COWENTS

data set.

142-150 4060,4080 The results are moved from the scratch

data set into the worksheet.

MDAMAD

M.-EOSE: This subroutine is used for executing the commands M(A[

and M(DA).

COý.4ON BLOCK VARIABLES USED!

BLOCKA NFLA"

BLOCKD RC, IARGS, NROW, NARGS

,BLOCKE L2 4 M(AD)

-5 N(DA)

SCRAW A

LINE FORTRAN

NMIB{-R LABEL COM¶ENTS

16 Ilere must be exactly seven arguments.

20-23 All arguments must be integers.

2"- TDP will contain the address of the column.

31-34 S The coordinates of tho result must be in

IARCS(S) and IARGS(6), Pick up the

dimensions from IARCG(3) and IARGS(4).

35-37 both matrices must fit into the worksheet.
•.
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J NDAAD (cont.)

LINE FORTRAN
NUkfBER LABEL COMMENTS

46-55 200,260 Initialize variables used in the calcu-

.lations. II and 12 are used to incre-

smt subscripts and must be set to 1,0

for AD and to 0.1 for DA.

56-65 300,400 The required calculations are performed

and the results are placed in a scratch

data set.

66-73 400,440 The results are placed into the-specified

part of the worksheet.

MISC2

PURPOSE: This subroutine is used for executing the commands CLOSE,

-.O:NT, SHORTEN, EXPAND and DUPLICATE.

COMKON BLOCK VARZIABLES USED

BLOCKA NFL.&G

BLOCKD RC, IARGGS, KIND, NR•MAX, NARGS, NROW, NCOL

SCRATA

BILOCKE L2 = CLOSE

=2 COUNT

.3 S•IORTEN

,. 4 EXPAND

" S DUPLICATE
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t4ISC2 (cont.)

LINE FORTRAN
MUMBER LABEL COMMPNTS

20 There must be at least two arguments.

25-28 5.0-70 L2 argument must be a constant (floating

point) for CLOSE CL2=l) and SHORTEN

(L2~) *KIND(L2) is set to 0 for use

in subsequent chocks.

29 -St.ORTEN requires exactly five arguments.

30 Store the one floating point argument in

ARG1.

33 74 - COUNT must have exactly two arguments.

34-35 All arguments for CLOSE, COUNT and SHORTEN

should appoar to be legitimate column

numbers.

36-37 90 Adjust elements of IARCS so that they may

be used most easily in executing the

command.

47-48 140 The command must be applied to columns

IARGS (2) through IARGO~(NARGS). K wili

point to the columnr being acted upon at

the moment..

52 - 148 Compare-eachi value in a column with the

54 ~ Got:: outofoo if all rows in a coluoin

have been chocked,

who
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MTSC2 (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

55-58, 155 Jl. points at the value to be deleted.

Each value below is moved up one row.

62-65 ISO Fill out the column with zeros.

71-79 200-260 Execute the command COUNT by searching

for a non-zero value starting from the

bottom of the specified column.

.83-100 300-380 Execute the command SHORTEN.

84-93 320-360 Search for the desired truncation point,

ARGI. Reset NRMAX accordingly,

.94-100 370,380 Place the shortened columns into the

designated columns.

105 400 The command EXPAND i•quires exactly four

argumqnts.

106,107 The secoind and third arguments are expect-

ed to oe floating point numbers.I 'I

108 Check to .see if there ar enough columns

for the results.

109-11 KZ plus the index of a DO atomont will

be used to insert results in the

specified columns of theorksheet.

113-118 450 If the first argument is a coiums number,

transfer the values into the scratch

array A.
A\
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} 1MISC2 (cont.)

LINE FORTRAN
NUMBER LgEL COMMENTS

120,121 460,470 If the first argument is a constant, trans-

fer the-values into A.

130-138 570,580 Complete execution of the command EXPAND.

143-145 600 The command DUPLICATE must have exactly

seven integer arguments.

146 Let the ninth aigument be the number of

duplications to be performed.

147-148 630 Arguments 2 through 7 become arguments 1

through 6.

149-153 Arguments 7 and 8 are implied and must be

supplied for checking.

156 The number of duplications must be at least

one,

160-162 Set constants to be used in executing the

command.

163-169 Place the array to be duplicated onto- a

scratch data sot.

S170-180 Execute the command,

""&JLT

, " PURPOSE: This subroutine is usedfor the oxecution of the commandir;

": 1
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?.IMULT (cont.)

COMMON BLOCK VARIABLES USED

BLOCKA NFLAG

BLOCKD RC, IARGS, NROWJ, NARGS

SCWAT A

LINE FORTRAN

UMBER LABEL COMMNTS

10 IROWA is the number of rows of the result-

ing matrix.

14 Check the number of arguments.

18-20 600 All arguments must be integers.

25-36 820-831 If there are fewer than ten arguments, then

manipulate the argument list so as to

simulate the equivalent ten-argument

form.

38 840 In the ten-argument form, the fourth and

seventh arguments must agree,

39 1100 ICOLB is the number of columns of the

resulting matrix.

40 IS rows or 15 columns is thD limit on the

size of the product matrix.

41-42 Arguments 11 and 12 must contain the

dimensions of the resulting matrix.

43-45 Check that all three matrices fit within

the worksheet.

51-66 3000-Z040 Perform the matrix multiplication and
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MMULT (cont.)

LINE FORTRAN

UMBER LABEL COMMENTSq

store the results in a scratch data set.

70-78 8080,8100 The results are placed into the designated

location in the worksheet.

MOP

PURPOSE: This subroutine is used for the execution of the commands

MDEFINE, ADEFINEO MZERO, AZERO, MERASE, AERASE,, MIDENT, MDIAG,

AD lAG and MTRACE,

COMMION BLOCK VARIABLES USED Ž

BLOCKA NFLAG

BLOCKD RCO IARGS, KIND, WROWO NARGS

SCRAT A

BLOCKE L2 I MDEFINE

*2 AJEtFINE

.3 ADIAG

a4 MDIAG

5 MZER()O

.6 AZERO

S7 MEPASE

*a 8 AERASE

S9 MI4DENT

10 3o4TRACE
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"MOP (cont.)

LINE FORTRAN
NUMBER LABEL COMEM1,S

21 100 For the commands MDEFINE and ADEFINE,

there must be either four or five

arguments.

22 The last argument must be a floating point

number.

23 In the four-argument form, set the fourth

integer argument to the value of the

third integer argument. The fourth

entered argumont has to be floating

point and thus is stored in the array

ARGS,

24s25 Set constants for later use.

26 The first J arguments must be integers.

For this command, the last argument

will not be an integer.

27-32 105 This code is used, for all the commands

executed in this subroutine, to check

that the required arguments are integers

and that the. matrix fits into the work-

sheet.

35 JB is the beginning of the matrix in the

worksheet,

37 N is the number of rows in the matrix.

4' V
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MOP (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

A. 36 Nothing more is necessary to execute the

"command MTRACE (L2=10).

40-48 110,120 CONST is placed into the KA'th column of

the matrix and then CONSTA is placed

into the KA'th row of the column if

required.

49 Additional code must be oxecuted for the

commands MDIAG and ADIAG (L2=3,4).

51-57 150 For the cowmands M4ZERO, MiERSEE, AZERO and

M SAERS, chock for orrors and set

constants to 0.

58-69 160-170 For the command MIDENT, set constants to

0 and 1 and chock arguments,

66-79 180-188 For the commands MDIAG and ADIAG, sot

constants to 0 and, if the last argu-

mont is a column number, store the

column in the scratch. array A. Also

chock arguments for errors.

82-85 200 Place the designated constant into the

diagonal of the matrix for the commands

MDIAG and ADIAG.

87-89 220,230 Place the designated column into the

diagonal of thi specified matrix,
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MOP (cont.)

LINE FORTRAN
NUMBER LAIEL COMM.ENTS

91-98 250 Check arguments and prepare for execution

of the command MTRACE.

100-104 260s270 Calculate the trace of a matrix.

MOVE

PURPOSE: This subroutine is used for executing the commands MOVE,

BLOCKT[ASFER, AMOVE and MMOVE.

COMMON BLOCK VARIABLES USED

BLOCKA NFLAG

BLOCKO RCs IARGS, NROW, NARGS

SCRAT A

LINE FORTRAN
NUMBER IABEL COMMENTS

13 There must be exactly six arguments.

23-25 70 All arguments must be inttogers.

26-27 The dimensions of the second matrix are

taken from those of the first.

28-30 Check that the two matrices fit into the-!

worksheet.

33-40 100,110 Copy the first matrix onto a scratch data

set*
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1MOVE (cont.)

LINE FORTRAN

NUMBER LABEL COMMENTS

41-48 200,210 Replace the second matrix by the one in

the scratch data set.

V, MRAISE

PURPOSE: This subroutine is used for executing the command MRAISE.

COMMON BLOCK VARIABLES USED

BLOCKA NPLAG

BLOCKO RC, IARGS, KIND, NROWs NARGS

SCRAT A

LINE FORTRAN

NUMBER LABEL COM•WNTS

12 ISIZE will contain the dimension of the

matrices which must bo square.

$ 16 Thoer must be either six or seven arguments

20 J points to the power to which the matrix

is to bo raised,

.2223 The ninth argument will now contain the 3
power which must be at least onje.

24-26 All arguments must be integers.

• . 29-31 If the power is a floating point number.

change it to an integer so that the
above chocks will not detect that it was.

:1- entered as a floating point numbor.;'-'";,• i'; : I
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RAISiE (cont.)

LINE FORTRAN

NUM•IER I-ABEL COM.ENTS

36 Check for squareness in the seven-argument

form.

37*38 In the seven-argument form, the sixth and

seventh .arguments become the fifth and

sixth arguments.

40-42 1100S1150 Set the required arguments equal to the

given dimension of the matrix.

43-4S Check to sce if the two matrices fit into

the worksheet.

51 NPOW will be the nuwbor of matrix multi-

plications to be performed.

53 If the matrix is to be raised to the first

power and the two specified matrices

are the san.e, nothing needs to be done.

54-64 4030*4040 Movo the matrix to the specified locution

since no multiplication is required.

66-95 4050-5040 This loop forces the required multi.plica-

tion to be done the specified number

of times.

67 ISAVP will point toW:trd the result Watrix.

68-71 4060 lRP points toward the matrix which resulted

from the provious matrix multiplication

00 ust initially point at the matrix



C 89

c !4RAISE (cant.)

LINE FORTRAN
NUMBER LABEL COMMENTS

specified first in the argument list.

72-9S 4070-5040 Perform the matrix multiplication.

79-82 4080 The row from the previous stop must be

saved in a scratch array since the row

will be replaced as each element is

obtained.

MSCROW

PURPOSE: This subroutine is used for executing the commands PARSIR4,

PARPRWOO EMSj, AVERAGE and SIN. s

CMOVoN BLOCK VARMAIWUS USED
DLOKA NPLAG

BWCKD RE, YAROS, KIND), NAI4AX, NARUS. NRON'

BWCKE L2 I PARS( M

2 PAPI'ROI)

n3RMS

LINE VOWWAN

N4UMBER LABEL MIM¶.NS

12 4 E will AVEusGd for sming a aou.
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i •tSCROW (Cont.)

LINE tORTRAN

NIMBER LAREL COMIENTS-
I. (Jl),

20 60 Obtain the address of the result column

(J2).

25,26 140 Three or more arguments are legal only

for the command SUM (L2 5).

28-31 100 All argumonts between the first and last

nmust be row numbers.

32 For the four-argument form of SUa, the

second argument cannot exceed the third.

38-42 155 Por the four-argumont fo m, sum from row

12 to row 15.

45 160 Store the rcsult in the indicated column

J of the Workshoot.

48-S0 170,1E0 Sum the valuos in tho indicated rows.

* 60-70 220-2.40 Obtain partial sit and parTia l products.

75-78 280,290 Obtain ll0S,

8Z-85 3000310 Su ovor all rw-s iof a colum.

87 Obtain a Colum aver~ae.

F'! " uxctt (J)

P1JURPOSI. This subroutino chockis to see if the first J matrices

dofittd in the ,gu-cnt list fit uithict the worksheet arid

locotos the starting point of each one within tho workshoet

V



MTXCHK (J) (cont.)

array RC.

COMMON BLOCK VARIABLES USED

BLOCKD IARGS, KIND, WROW, NCOL

LINE FORTRAN
NUMBER LABEL COMMENTS

20 J is the number of matrices to be checked,

thus JD is the number of arguments

required.

21 J will be 0 if no error is detected.

22-26 100 J is sot to 1 if a negative argument is

encountered.

27-32 120 Chock that each matrix fits into the

workshoot and sot IARCS(I) to point

to the upper loft hand corner of the

mai~trix.

34 130 J is set to 2 if a maitrix overflows the

work shoot.

PURPOSE: This .Mubwoutinao is used for executing. the cowamaiids N (XXV)

BLOCKA LA
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MXTX •(cont.)

COMMON BLOCK VARIABLES USED

BLOCKD RC, IARGS, NARGS, NROW

BLOCKF NCTOP e

SCRAT A

BLOCKE L2= 1 M(XX")...,

=2 M(X'X)

Note: For other values of L2, subroutines

are called which execute the

commands M4(X'AX), M(XAX'), M(AD),

DI(AV), M(V'A).

LINE FORTRAN
NUMBER. LABEL COMMENTS

19-21 10,20 When L2 is 2, the command was M X. If

the number of arguments is six or less,

then the command is assumed to be

M(X'X). Otherwise, the command is

assumod to be M(X'AX).

23 40 Call tho subroutine MI)AMAD for the commands

(AD) and M(DA).

25. 60 Call the subroutine ARYVEC for the commands

t4(AV) or •,VA). [
27 100 The commamnds M(XX') and MI(X'X) must have

cithor five or six arguments.
3m

31-33 All arr~umonts xn,,s• be integers.

• .I
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MXTX (cont.)

LINE FORTRAN
NUMM3R LAB3EL COMMENTS

38-41 Transform the five-argument form into an

equivalent six-argument form.

42-44 Obtain the implied dimensions of the

resulting matrix and check to see that

it is not too large.

47-49 200 Check to see that the two matrices fit

within the worksheet.

59-62 Prepare constants for the command M(XX').

64-67 320 Prepare constants for the command M(X'X).

68-85 340-440 Perform the matrix multiplication and

store the results in the scratch data

sot.

89-99 5000520 Place the results into the designated

location in the workshoet.

* NN4IME~ (NAMEI)

IMU1POSEl: Thiis snbroutin0 COXIVOrtS a string of up to six lottors into
~. twonumercal v ýus with tho first three lotters detormining

MA~l() and tho last three determining NA1Wt(2).

CUOMON tILOCK VAfXAI11.1-S 1iSIM)

BLOCKA MvKIARD
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NNAME (NAME) (cont.)

LINE FORTRAN
NUMBER LABEL COMM3ENTS

41,42 10 Elements of MISC not changed later must

be O.

43-47 20 Tle array KARD contains a numerical

representation of the input line. Up

to six characters will be checked.

Translation stops if a non-letter is

found. The value of MISC(1) is the

position of the i'th letter of the

string in the alphabot, i.e. MISC(I)=1

for A and MISC(I)=26 for Z.

48-50 30 Scan for the first non-letter following

the string.

51j52 T'he NAMI array contains two values which

together uniquely identify the letter

string.

NONBLACI)

PURPOSE: This function subprogram searches for a non-blank character

starti"i, with the MWth. • 11Th valte returt•ad will identify tile

chavactor zind N will indicate- its position.

(XXIMON BLOCK VARIABLES USED

BLOCA NKMI*1;NgJ
i
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C)MCONV (NWCD, KRD. KRDEND)

PURPOSE: This subroutine takes an array of KRDEND characters in NWCD

and converts them into a numerical code in KRD.

LINE

NUMBER COMMrNTS

4*5 Store the addresses of NIVCD and KRD in

registers 3 and 4.

6 Move 80 bytes from NWCD to KRD.

8-10 Store constants 0, 1, 4 in registers 5, 7,

11 Store the address of KRDEND in register 9.

12 Load the value of KRDJJND into Tegi.5tor 11.

13 Register 6 will be used to control. the DO'

instruction bcolow

14 Ilie logs will bo executed KRDEiND-1 times.

15,16 The first KDOENU-1 bytes obtained in the

translation miust be moved so that thoro

arc three bytes betwaou ezaoh t~i thotm.

'rho move must be porfovtued f~rom riGht,

to left and register 11 will contain

the, Tel Itivo address of the storu~e b)tv

17-20 This loop actually moves the required bytes

using register 5 to zoro-out tho three

bytos between successivo non-zoro bythos.

21022 Porfolvs a last move.
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OMCONV (NWCD, KRD, KRDEND) (cont.)

LINE
NUMBER COMMENTS

24-42 Set up the translation tables.

OMNIT

PURPOSE: This is the principal subroutine and controls execution of

the entire program.

COMMON BLOCK VARIABLES USED
BLOCKA MODE, M, KARD, KARG. ARG, ARG2, NEWCDO

NEWICDS. KSAVE, NSAVE, NFLAG

DLOCKD ARGTAB, NARGS

BLOCKU NAo, LI, ISRFLG

KPLOT NPIUIE, KND, SIZE, SPACE

QRS JUOW

BLANK KlY. IOVLY0 ITYPE

LINO F'ORTRAN- NUMBER IABIEI (•OM t"N11iN S

2S ""4 is the unit n=moor for a data sot uo0d
in .. • isplayiug dusired text ont tho CRT

S....screen.

"26-28 Initialize constants.

29-30 pehopare for interrupts.

" 31 Prescat the initial display of instructions.,

. w i
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OMNIT (cont.)

LINE FORTRAN

NUIBER LABEL COMMENTS

32-35 50 The NAME array must be zeroed out before

a new name is read.

36 Start the number of arguments, NARGS, at

0.

37 J will be the index of an array ARGTAB

which contains information about the

arguments of a command.

38 52 If KEY is 31 then rotuMn to the GMS monitor.

42 Write READY on the screen except when the

previous com~mand was not executed or :i

was MINVERT, INVERT, LINEAR or MLINEAR

ar when in input mode activated by -

RHAP couumi~ad.

50-56 524,5240,999 W•rite out, on the screen, the row number

of the next vow to be entored.

61 525 Await usor's comwnand.

63-74 538• 1ioso statements process interrupts from

the propr, moed fwiction keyboard,

75 54 Call the subroutine INPUT to process a

command entered from the rogular key-

board.

82-f34 55 14 will be incremonted so as to enable the

entiie line to be Tead. ."A
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OMNIT (cont.)

LINE FORTRAN
N•UBER LABE L COMENTS

8S Ship all special characters except for

If $ is encountered then processing

for the current line may cease.

87,88 Numbers in the line before the command

are illegal except in the input mode.

92 70 When a letter is found, call the sub-

routine NNAME to compile it and store

its numerical equivalent in NAME(l)

and NAME(2).

100-102 When the commaid is OMNITAB, reset certain

variables and restart.

106,107 87 When the commwid is STOP, return control

to the GMS monitor.

111-119 88,884,885 The commmnd t1O1 is logai only when in the

1WM initiatud input mode. lDeterine

its argumwnt ad rmoset the row counter,

J1IWN accordingly.

129 Brmch to 100 for viumbers and to 90 for

letters,

1SO Branch to 100 for asterisks.

131 BrWICh to 200 for ond of line.

iA-

.. -.-..-- '..-..--"...-•



99

ONNIT (cont.)

LIE FORTRANNUMBER LABEL COMMENTS

137 90 A second name following the command may

be a command qualifier and must be

treated as the command was treated.

142-143 At least one character can be skipped if

the command was M.

157 Call the subroutine AARGS when a string

of numbers is found.

159,160 103 When a floating point number is found,

set the J'th element of ARGTAB to 0.

The actual number will be the next

element in ARGTAB.

166,167 105 Add 8192 to an Integer argument and check

that it is greater than 0. Ihis will

distinguish it later from other types

of arguments.

170-172 1100115 Place the assembled argumtint into ARGTAh

"and increase by 1 the number of

argumonts.

S180-185 120,12S XAIG=1 if only' one asterisk is found.

KAHG=0 if two asterisks aro found.

The subroutine XSTCR is used to

assomblo argumeats ivolvinj asterisks.
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OMNIT (cont.)

LINE FORTRAN

NUMBER LABEL COMMFN•TS

205 135 The value of ARGTAB(J) will indicatp the

variable and its type.

207-211 140 A worksheet reference requires a pair of

values in ARGTAB. The sign of the

second indicates whether the worksheet

reference is to be floating point or

integer.

213-216 150,155 If a string of three or more asterisks is

found, sot ARGTAB(J) týo -1, except

whon J is 1. An eror occurs when an

asterisk striug is not preceded by an

argumont.

265 202 Call the subroutine EXPAN• to convert the

information Sin ARGTA1I into a fOv'i

which is used by the subroutines

Which execute the comulds.

266-269 204 DOata ent•rs tho workshoot following a

I' -iA) (1RSLFLGnO) or SETU(ISI4MG1i)

271-282 9002-9006 11he entered line is saved for later recall.

-287-289 210 Check name against dictionary of names by

calling I.0KUP. I LI is not 0, the

name was fotuid in the dictionary. If

*~ .- 4

S** *f .lI~m mlm ll • - • .
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ONNIT (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

no name is found, an error results if

the program is not in the input mode.

295 220 Reset MODE to 1, the interpretive mode.

296 222 Soo co1me-nt for line 265.

297 Call the subroutine XECUTE which calls

the a~ppropriate subroutine necessary

to execute the given command.

298 Go back to the beginning for the next

command.

PMUNOi

PURPOSU: This subroutino is used for Oxecutinig the commands PROMOTE

and DUMEO.

CO L'VIONJILOCK VARIABLESU tJSIUI)

* BLOXiA NPLAG

MICI 1~C AUGS.0 i4MO , NROW, NAtWG, NCL

L2 10 I'RO.MOM
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PDMOTE (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

13 L2 is transformed :o 0 for PROMOTE and to

1 for DEMOTE.

14 There must br -w odd number of arguments,

18 30 NR is the length of the shift.

20-22 31 Shift all the argunients but the first.

Thus the first NARGS(NARGS-l) arguments

shold be column numbers.

26,27 52 Choc! to see if the arguments are logiti-

mate column numbors.

34-56 40 If the shift is negative, change it to be

positive, 11T value of L2 must also

be oh~wgod.

41 For the cowuunid IW11%*1, chock that the

execution will not reach beyond the

014d of any columi.

48-S2 9S If the only arguociut for PIRONTL is NAX,

lihen the entire workshect will be

zoroed out.

54,55 100 LUMIT is twice the number of colwumns to be

promoted or demoted. If no columns are

specified, then all columns ate to be

used,
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POMOTE (cont.)

LINE FORTILW

NAUIBER LAREL COMMENTS

64-66 Set constants when. no columns are speci-

fied.

68,69 120 Set consta.4ts when columns are specified.

74-719 140 Execute the command DEMOTE.

84-89 150,160 In response to the commar~d PROMOTE, move

the first column into the second of a

pair of columns. The first NR will be

lost.

94-97 170 If columns arc specified, fill the bottom

of the second of a pair of columns

with O's.

99 If the command was DEMOTE, then NRMAX

must be increased,

SPFINT

PURPOSE: This subroutine sets ITYPE to 1 when the wait state is

interrupted by depression of a programmed function lxy, KEY

is set to the number of the key which was depressed.,

COMMON BLOCK VARIABLES USED

BLANK ITYPE, KEY

: ,: .
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J PHYCON (NAME)

PURPOSE: This subroutine locates a physical constant when one is

used and finds its value.

"COMMON BLOCK VARIABLES USED

IBLOCKA ARG

"PCONST PN

LINE FORTRAN
NUMBER LABEL COMMENTS41 --

9-12 20 Check to see if NAME is a predefined

constant,

13 Set ARG to 0 if NAME does not correspond

to a name in the constant table N.

15 Obtain the value of the constant from P.

I PLBK

A PURPOSE; This subroutine displays a command after it has boon

entered and gives the user a chance to chock it boore having it

oxocuted.

COMMON BLOCK VARIABLES USED

BLOCKA NMWCD, NPLAG

KPLOT NFRAMI•O KKNDO SIZU- SPACE

BLANK KEY, ITYPK

it _

- . .

" " " " "" " " "" '• ' ' " . " " " " " '' : ' ' " ''•~~~~~~~~~~~~~ . :" ': ") '"". " .• ' ' ' " " "" "
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PLBK (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

11 Display the line which the user has just

entered.

13-16 Inform the user that there is no syntax

error and ask him to confirm the

command or cancel it.

23-24 Transmit the CRT image to a data sot for

plotting.

27 1448 NFLAG is set to 1 to halt execution of

the command.

28 Erase the command from the screen.

PRGRAM(I01)

PURPOSE: This subroutine is used for displaying the program which

the user has written.

OMMON BLOCK VARIABLES USED)

BLOCNA NEWCDSO KSAVl N, tAWE

KPL(YrNVIAMU, KKNO, SIZU9 SPACE

BLANK KE1Y, IOVLY* ITYPE

LINE FORTR~AN

NUMBER LACEL COMMENTS

13-22 2*25 The usor is given a chanice to soe the

commands Ito has entered if Ito fills
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J iPRGRAM(IOl) (cont.)
4

LINE FORTRAN
NUMBER LABEL COMMENTS

up the space for storing commands.

There is space available for 200

4 lines.

23-25 Transmit CRT image to a data set for
47-49
66-68 plotting on CALCOMP.

11 101 will be 0 when the user decides to

list his program on the screen.

34 IOVLY is the associated variable.

35-41 40 Read the entered program from data

set NSAVE and write it onto the

'screen.

55-60 Write out any lines which have not yet

been stored on the data set.

"PROROIV

PURPOSE: This subroutine is used. for cxecuting the commands

4 ROWSUM and PRODUCT.

CONHON BLOCK VAIAOLES USEDI)

BLOCKA NPLAG 4: ~.

BlleD RC, IARGS, N0RAX, NROIV, NAMG"*i :eU3.. LZ I1 ROWSU-
a 2 PRLOMCT

13 -.
* " 't
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PROROW (cont.)

COMMON BLOCK VARIABLES USED

SCRAT A

*- LINE FORTRAN

NUMBER LABEL COMMENTS

13-22 40-60 Check for errors.

25$26 CONST must be 0 for ROIVSUM and 1 for

PRODUCT.

271,28 Rowsums and products are accumulated in

"3037the array A.

30-37 140,150 Obtain row sums or row products for the

three-argument form where IAl is the

beginning of the first column and IA2

is the beginning of the second column

in the argument llst. Accumulate the

results in the scratch array A.

38-41 170,180 Store the results into spocifiod column

in the workshoot.

43-52 200-2S0O Obtain row sums or row products when

spacific colwimis rather than a range

of columns is spocifiod.

4ILj -. I
1:' I
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READQ

PURPOSE: This subroutine is used when the program is in input mode

to set a line of data into the appropriate row following a

READ command,

COMMON BLOCK VARIABLES USED

BLOCKA NEWCD

BLOCKD RC, IARGS, KIND, NRMAX, NROW

QRS J. NNARG

LINE FORTRAN

NUMBER LABEL COMMENTS

19-30 A row of data is entered into the work-

sheet.

27 Write the row of data onto the screen,

31.32 J contains the number of rows entered,

NRMAX is adjusted, if necessary.

PURPOSE: This subroutine is called to execute the command RAW.

COMMON BLOCK VARIAWLES USWD

BWCKA MODE, NEWtCO

BLOCKO ARGS (cquivalonced to the end of KC),

IARGS. NARGS

• .

•

--...--.---
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READX (cont.)

CONMON BLOCK VARIABLES USED

BLOCKE ISRFLG

QRS J, NNARG

LINE FORTRAN
NUMBER LAB3EL COMMENTS

13-19 S-15 Check for errors.

24 MODE = 2 indicates that data are entered.,

32-35 30 Process the argument list.

3$ Column addresses are stored starting at

int whch ataare entered.

MJ3ET

PURPOSE9. This subroutine is used for executing the comiand RLSET.

COMMON BILOCK VARIABLES_______

37CK NNLARG o A .o oun

BLOCKO M ARGS, ARGS, (oquivalcucod to the end of

RC), KIND$ NRMAX, NROW, NARGSg.VWXYZ

M.OCKI3 L2 aIV

-Y 2 IV

n3 X

~4 Y
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RESET (cont.)

COMMON BLOCK VARIABLES USED

=5 Z

=6 NRMAX

LINE FORTRAN

NUMBER LABEL COMMENTS

12 Only one argument is allowed.

19 30 NRMAX is an integer. Thus a real argu-

ment must be transformed into an

integer argument.

25 Reset NMIMAX.

32 Real arguments are expected. Transform

integer argumonts into real ones.

33 Reset the designated variable.

SCRAM(NC,IT)

PURPOSE: This subroutine is used to road and write front a scratch

file when the scratch array A alone is not sufficiently large.

COM•MN BLOCK VARIABLES USED

DILOCKA NSA VE

BLANK IOYLY

SCMAT A
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SCRAN(NC, IT) (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

4 IPTR is used to hold the value of the
k,'

associated variable IOVLY which is

used for storing the lines of a

•:: program,

5 The first forty records are reserved

for entered program lines.

6 IT is 2 for write and 1 for read.

SET

PURPOSE: This subroutine is called in response to the command

SET.

COMMON BLOCK VARIABLES USM)
IH

"BLOCKA NFLAG, MODE

BLOCKD IARGS, KIND, NROW, NARGS
BLOCKE ISRFLG

QRS NDROW, J

LINO FORTRAN
. , NUMBER LABEL COMMENTS

20 20 NDROW marks the end location of the

"coluim in the workshoot.

S.!.',.I

__"It
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SET (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

26 24 J, which marks the location at which

storage is to begin, must, be increas-

ed if row 1 is not the first row to

be used.

29 ISRFLG=l indicates SET command.

30 MODJ102 is the data input mode.

SETQ

PURPOSE: This subroutine is used for entering data into the

worksheet following a SET coimand.

COMMON BLOCK VARTAI3LES USED)

BLOCKA NPLAG

BLOCKD 'IARGS$ KIND, NRMAX0 NROW* NARGS

QRS NDRQW.# J

LINE FORTRAN
MNtIRMI LABEL COMIENTS

17 J and 33 miark the first and last rows.

into whict the arguments will be

placed.
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SETQ (cont.)

LINE FORTRAN
NUMBER LABEL COMMNTS

18-20 If there are too many arguments to fit

into the column, the user is notified

of this fact and may cancel the

command.

24$25 If some of the arguments can be inserted

into the column, JJ is reset to the

ond of the column.

28-35 lSs20$30 The arguments are entered into the work-

sheot.

36 J is reset to mark the row where storage

will resume with the next command.

37 Reset NPMAX if its current value has been

exceeded.

SORDER

PURPOSE: This subroutine is used for mxecuting the commuinds SORT,

ORDiER, HiPERARCHIY.

COINNON ULOCK VARIABILI1S I1)EI"

UIMOCKA NILAG

BLOCK} RCp JARGM,, NA$X, NARGS

SCfAT A.

• .. J..
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SORDER (cont.)

COMM ON BLOCK VARIABLES USED

BLOCKE L2 - 8 SORT

a 9 ORDER

=14 HIERARCHY

LINE FORTRAN

NUMBER LABEL COWIENTS

14-21 10-50 Check for errors.

22823 60 The cojnand HIERARCHY (L2=14) must have

oxactly two arguments.

29-32 If NRMAX=1, do nothing for SORT and ORDER

or place a 1 in the column indicated

by the second argument for HIERARCHY.

35-38 130j140 Place the column into A and the row

numbers into NUW.

39-53 160.200 Ordor the columns from low to high in A,

NUM(1) will contain the row number

of the I 'th ordered value.

54-59 210,230 Completed the H1tUPARCHY coma-id by place-

ing the ranks of the i .st column into

the second column,

60-62 240,250 Replace the original column by the ordered

column).

63 Nothing else needs to be done if there is

just one argument,



SORDER (cont.)

LINE FORTRAN
NUMBER .ABEL COMMENTS

64-68 Prepare to sort the next column.

69-77 290-310 Rearrange subsequent columns using the

ordering obtained for the first.

SPINVy(MDET)

PURPOSE: This subroutino inverts a matrix of dimension M using

Gaussian elimination and calculates its determinant, DET.

COMM.0ON BLOCK VARIABLES USED

SCRAT A (equivaloecod with B)

LINE FORTRAN

WNUBER LABEItL COMfMN'S

12 -Initialize PLU to I so that tho value of

tho determinant can bo deteormined later

"by multiplying the pivotal elements.

13 N is the number of rows.

14 N2 is the number of colu.jws,

15-36 12,013,20 Search for the largest eleownt in the L'th

column. Start initially at column 1.

41,42 30 C is the largost element in the C'th

Co2I•,-. If it is 0, thon the matrix

is singular and the determinant is 0.

"Ii

I . . .. : . .._- ... • : 2 --. .- ; • • • '• • " •
I - . .. •' • '• •"m - .•. .. " . ..•...
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SPINVCM,DET) (cont.)

LINE FORTRAN
NUMBER LABEL COMMENTS

48 22 '.heck to see if any interchanging of rows

is necessary. The L'th row must

contain the largest element in the

L'th column.

49-56 24,25 Switch row Ji and row L.

60-80 32,3235,321- Zero out all elements except the pivotal
325

element in the Lth column.

76,77 Check for near singularity.

85-92 Divide by the pivotal elements and

calculate the determinant.

STATO

PIURPOS1 11is subroutino is used for oxocuting the communds YO01IX,

YOFlI4P, Yom$4Z, Ga, GAMPM GA&IZ, Ctux, C1HP, aIIZ, TI'X, TiP, i

ITZV, OiTAX, IIMTAP, .0I0UZ, tXF, VtP, IZ.

CO !ON ,K VAIl I/RfliS US EDTI

BWRCi•A IlA~.•G

BLOC X 0lK, NUU, NAUGS

'.LOOKi L 1 YORINX .2 YOIPUM

=3 YOtMZ =4 GAMX

5 GU4P ~ 6 JANZ

I•
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STATD (cont.)

cOL N -BLOCK VARIABLES USED

-7 CHIX =8 CHIP

=9 CHIZ =10 TTX

=11 TTP =12 TTZ

=13 BETAX =14 BETAP

=15 BETAZ =16 FFX

.. 17 FFP =18 FFZ

LINE FORTRAN
N.RBER LABEL CONMENTS

1S-17 Check for correct number of arguments.

18,19 IL will point to the beginning of the

column in which the results ire to be

pli;ced.

24 40 ILZ will point to the end of the column

of results,

26-32 45,50 Convert all argumonts except for the last
one into a form which can be used byI the execution loops later. Both

ccastants and column numbers are

acceptable arguments.

40,41 J will be 1 if all arguments but the last

are constants. Tho function will only

be evaluated once if INDEXI is 100

and repeatedly if INDEXI is 105.tN"'
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STATD (cont.)

LINE --- FORTRAN
NUMBER LABEL COMMENTS

42,43 This computed GO TO is used only once and

passes control to the section of the

subroutine in which the required

evaluation is performed.

44-49 80-90 Obtain the next arguments to supply to

the subroutines which execute the

required task.

$1 100 Y is the value of the function with the

Aven arguments. Place it in the

designated column.

S345 Place the value of the function into a

row of the designated column and

increment IL so that the next row will
beused next. If the end of the

.olumn has boon exceeded then execution

is finishedp

56,S7 This assigned GO TO is used for all

a-argumOnts but the first and passes

control to the required section of the
I worksheot.

58-60 903 Y is set to 0 if an arithmetic error

Soccurs and execution continues.

"".L ;-- --. . - .k .
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STATD (cont.)

LINE FORTRAN
. NUMBER LABEL COMMENTS

61-130 110-281 Each of the commands is executed by a

call to a subroutine within this

section of the program.

TRANSF

'PURPOSE: This subroutine is used for executing the commands

M(X'AX) and M(XAX').

COMMON BLOCK VARIABLES USED

BLOCKA NFLAG

BLOCKD RCO IARGS0 NROWI NARGS, KIND

BLOCKU L2 1 M(XAX')

S2 t4(X'AX)

SAT A

NUMBER LAJF.L COMMENTS

IS There must be botwoon 8 and 10 argumonts.

19-21 All arguments must bo integers.

27 For the nino-argumont. form, one extra

argument is given. Check that it Is

consistont.

l i • •''••, " • • . " • " . . ..... . ....
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TRANSF (cont.)

LINE FORTRAN
NUMBER LABEL 'COMMENTS

29 200 For the ten argument form, two extra

arguments must be checked.

36-46 240-260 Expand the eight-argument form into the

equivalent ten-argument form.

48-50 280,300 Expand the nine-argument form into the

equivalent ten-argument form.

51,52 320 Set arguments 11 and 12 to the implied

dimensions of the result.

53-55 Chock that all three matrices fit in the

workshoet.

64-66 Set constants for executing M(X'AX).

68-70 80 Set constants for executing M(XAX').

71 90 Chock that the dimension of the result

does not exceed an allowable limit.

74-88 95-120 Perform the first ,matrix multiplication.

89-101 150-180 Perform the second matrix multiplication.

102-115 800,820 Placo the rosulting matrix• into the

workshoot.

.~ .......

. .. -. "" . -. ,.
'I. T """ .... 1
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VARCON (NAME)

"PURPOSE: This subroutine checks to see if a name is one of the

user controlled variables. ARG will indicate which variable

or will be set to 0 if the name does not match.

q COMMON BLOCK VARIABLES USED

BLOCKA ARG

VECTOR(AJ)

PURPOSE: This subroutine takes the valuo A and stores it in NPMAX

successive locations in the worksheet starting at RC(J).
11J

COMMON BLOCK VARTIABILES USED

BLOCKD RC, NUtMX

WORKD(*)

PURPOSE: This subroutino is used to display workshoot sections.

"COMMON BLOCK VARIABLES UmSE)

•: ~~BLCKD).R

,I -

U'.•:
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'WORKD(*) (cont.)

LINE FORTRAN
NUMBE3R LABE3L COMMENTS

10 This arithmetic assignment subroutine is

used to obtain the address of the

element in the I'th row and J'th column

of the worksheet.

12 1 JCEM is the worksheet section to be

displayed.

13-17 80 Erase the screen and write out a heading

on the screen.

18-20 IA is the top row on the screen and lB

is the bottom Tow. If KEY is less

than 10, a top section is displayed.

Otherwise, a lower section is dis-

played.

21j22 JA and JB are the numbers of the columns

which will a ppar on the loft (JA)

A and on the right (JB) of the screen.

Only five columns are displayed at

Ooe tizo.

23-30 8.84 Write out the column num~bers.

31-45 1859Display the worksheet section. 1the

contents are dispatched to the scroen

oight, rows at a time..
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PURPOSE: This subroutine passes control to the subroutine in

which the current command is to be executed.

COMMON BLOCK VARIABLES USED

BLOCKA NEWCD, NEWCDS, KSAVE, NSAVE, NFLAG

BLOCKI• Li, L2

BLANK KEY, IOVLY

LINE FORTRAN

'NUMBER LABEL TCOMM4ENTS

10,11 90 The value of Li detormines which sub-

I> routine to call to execute a given

command.

12-68 100-3000 Various subroutines are called to execute

given comnmnds.

70,71 9001 The command is storod in the array NEWCDS.

72 Pivo commands are stored in NESVCDS before

being stored in a data sot.

73 There is room for forty records in the

78 data sot.

7:': •8 Notify the user that thedata sot has

been filled.

"Tr,I:

f •

- .- #.4 *#,
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i XOMNUIT

PURPOSE: This subroutine initializes several variables in the

system.

COMMON BLOCK VARIABLES USED

BLOCKA MODE, KSAVE

BLOCKD NRMAX

BLANK IOVLY

XPND(T.K,Y,KND)

PURPOSE: This subroutine is used during the compiling of an

entered line to obtain arguments when asterisks have been

used. T contains the infoFmation concerning the nature of

the argument. Y will be sot to. the value of the indicated

argument. K will be set to 0 if determining Y required.only

one element of T, and to 1 if two elements were required. A

negative K indicates an error. KND will be used to distinguish

floating point arguments from integer arguments.

!CO N BLOCK "VARABLES USE-D

BLOCKj RCO IARGS, KIND, NM•AX, NROW* VWXYZ

LINE FORTRAN

NUMBER LAIUL COMMPENTS

15 IT will be used to doterminno what kind

of argument is being used.

SV..

V'-' - -•.. . - -. ' - ' -- m m m - . .. ... _ . I l- ' t I I ---.-.t- ~ v
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• •XPND(T,K,Y,KND) (cont.)

S, &LINE FORTRAN

"NUMBER LABEL COMMENTS

- 20 The argument is a worksheet reference.

Transform IT so that it will represent

the row.

21 Check that the row is within the limits

of the worksheet.

24-27 41 The second element of T contains the

column number. J will point to the

head of the column.

30 46 J now points to the desired argument.

31,32 KND will be 0 if T(2) is positive and 1

if T(2) is negative.

*.33 Set Y to the desired value. J-1 will

I.i point to the correct location in the

worksheot.

34 Set K to 1 to indicate that two values

from T were needed.

39-40 60 IU will indicate which variable is

referrod to and KND will indicate its

typo.

:41 Sot K to 0 to indicate that only one value

from T was noeded.

43 Pick up the required argumont from the

VWXYZ array.
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XPND(T,K,Y,KND) (cont.)

LINE FORTRAN
NUMBER LABEL COMMIENTS

45, 70 The required argument is NRMAX.

i

i
I

ti'"



CHAPTER IV

THE ADDITION OF COSMNDS

One can add commands to interactive OMNITAB in several ways. In

many cases the new command can be embedded within an existing sub-

program. In other cases, a new subprogram must be written. Both

methods will be dciionstrated.

A specific example of the first method mentioned above will be

illustrated by the addition of the TRACE operation before the general

procedure is outlined. When adding a command to interactive OMNITAB,

one must consider what form the command should take. Trace is a matrix

command. Hence, the key word should be MTRACE•, (The prefix bf indicates

that this conatnnd is part of the sot of matrix operations,) Two

additional items of information are necessary for determining the trace

of a matrix. The user must iaentify the matrix and indicate where its

trace, the single scalar quantity, is to be stored. A matrix can be

identified using four arguments (coordinates in the worksheet whore it

begins, number of rows, and number of columns), and its trace can be

stored in a dosignated coordinate requiring two additional arguments.

If the number of rows is different from the number of columns, the

lesser of the two is taken as the order of the matrix of which the

trace is to be calculated. Thus the command MTRACC requires, in

geonral, six arguments. If only five are stated a regular trace will

127
,If.

W•
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be assumed, and the program will duplicate the third argument (number

of rows.) The first two arguments will specify the upper left hand

corner of the matrix. The last two will specify the coordinate where

the trace is to be stored. The remaining argument(s) will specify the

dimension of the matrix.

The MTRACE command has been added in the following steps:

(1) Obtain the source program of SUBROUTINE LOOKUP (Appendix,

page 225) and make the following changes

(a) The DIMENSION of MA must be increased from MA(18) to

MA(20). (See comments below.)

(b) In DATA MA/ .... / the two integers 10035 and 815 must

be added. (Soe explanation below.)

(c) The DO-loop starting at statement number 250 must be

extended from 9 to 10.

(2) Obtain the source program of SUBROUTINE MOP (Appendix,

page 245 )

(a) The computed GO TO statement (preceding 100) must be

oxtondod; after the last statement number (160), add

- - a new o0ne (e.g., 250).

(b) Three lines below statemont number 105. insert (after

• J=l)" IF (1.2.1iQ.10) J32 and, about half-way betwooe,

statements 10 and 110, insert: IF(L2.CQ.10) GO TO

26o.

(c) Somewhere. after a closed section (an unconditional

GO TO, or a RETURN) insort:"

. .- - * . . - •- - - .- ~-. .- . -.. ,. .



129

250 IARGS (7)=1
IARGS(8)=l
JcNARGS
IF(NARGS.NES.AND.NARGS.NE.6) GO TO 10.
IF(NARGS.EQ.6) GO TO 105
IARGS (6) =IARGS (S)
IARGS (5) =IARGS (4)
IARGS (4) IARGS (3)
GO TO 105

(d) Also add (after another closed branch)

260 TRACE=O.
N=MINO (IARGS (3) ,IARGS (4))
DO 270 NA=1,N
TRACE=TRACE+RC (JB)

270 JB=JB+NROIV+ I
ICX=IARGS (5)
RC(ICX) TRACC3
RETURN

(3) Submit the following batch program:

//EXEC FORTGCL, PARM, FORTz 'MAP',PARM. LKED- (XREFL ET ,OVLY),
REGION1I60O

//PORTSYSIN DD *

Here insert the source docks of all subprograms
that have been modified and any now subprograms
added; in this instance
SUBIROWrINE. LOOKUP
SUBROUTINE MOP

/,
alore iuisort the "LOAD MODULE" JCL sequence,

Piguro IV-l,ý starting with
//LKED.S\'SLID OD DSN=SYSl .GRAPIILIBDISISPaSIIR

avd ending with J

INSERT LOOKUP

1.0

-.-.,,- • • . r -,- , * , .
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FIGURE IV-1
3 pages

LOAD MODULE JCL SEQUENCE

//LKED.SYSLIB DD DSN=SYS1 ,GRAPHLIB,DISP=SH-R
D1 Df DSN=SYS1.UGALIri,DISP=SIIR

1/DD DSNAME-SYS1.FORTLIB,DISP=SHJI
/1DD DSN=SYS1.SSPLIBDISP=SHR
IIDD DSN=SYSlLINKLIBDlSP=SHR
IfDD DSN=SYSI.GMSLIB,DISP=St]R

//LKEID.SYSLMOD DD DSIF=SYS1 4GRAPiILIB(OMTAfl) DISP-.SHIR
/1 SPACE=(TiU, (1bO1))

//LKI3D.SYSIN DD
INCLUDE SYSLIB(OMTAB)
ENTRY MAIN
OVERLAY ONE~
INSERT ASTER
OVERLAY TWO
INSERT NONBLA
OVERLAY TWO
INSERT PHYCON
OVERLAY TWO
INSERT VNMEON
OVERLAY ONE
INSURT XECUTH

OVERLAY TWOU~

INSwIT rANp, 2 XciIIctpoCIIIz
OVERlAY THRPEE
INSERT REtTAX,BLETAP, VEPX, IPP DVXJTTP
OVE~RLAY t,11Wll
XNSEI'T I)FIAZ#, PPZ I TZ.
OVERLAY *111o

11'I~ MISC2

OVIRLAY ITO
INSERT MCOVE

OVERLAY TWO

INSLUT I'ROIOW
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OVERLAY TWO
INSERT DEFINE
OVERLAY TWO
INSERT EXTREM

OVERLAY TWO
INSERT SOR.'ER
OVERLWY TWO
INSERT ERASE
OVERLAY TWO
INSERT EXCHNG
OVERLAY TWO
INSERT FLIP
OVERLAY TWO
INSERT CHANGE
OVERLAY TWO
INSERT MATRIX
OVERLAY I.WO
INSERT MOP
OVERLAY TWO
INSERT INVERT, INVCHK,SPINV

•'=- .. OVERLAY TW•O

INSERT MMULT
OVERLAY TWO
INSERT MRAISE
OVERLAY TWO
INSERT GENER
"OVERLAY TWO
INSERT ARITH

* OVERLAY TWO
INSERT MXTX
OVERLAY THREE"
INSERT TRANSF
OVERLAY THREE
INSERT MDAMAD
OVERLAY THREE
INSERT ARYVEC
OVERLAY TWO
"INSERT EXPCON
OVERLAY TWO
INSERT READXi OVERLAY TWO

INSERT RESET
OVERLAY TWO
INSERT SET
OVERLAY TWO
INSERT FUNCT
OVERLAY TIRME
INSERT FSINsFCOS
OVERLAY ONE

S•I
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INSERT INPIJT,OMCONV
OVERLAY ONE
INSERT DISPLY
OVERLAY ONE
INSERT WVORKD
OVERLAY ONE
INSERT COMAND
OVERLAY ONE

I *. INSERT XCNINNIT
OVERLAY ONE
INSERT SETQ
OVERLAY ONE
INSERT READQ
OVERLAY ONE
INSERT LOOKUP
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To understand, and apply analogously for other additions, the

operations included in step 1, the programer must recognize the func-

tioning of the SUBROUTINE LOOKUP. One must add all new commands to the

dictionary of exicting commands contained in the SUBROUTINE LOOKUP.

The subroutine compares the key word entered by the user with a list of

available commands. Thus, before a new command can be used, it must be

included in this list. To do this one must first understand the method

used in interpreting a key word appearing in the reply area. 1
A key word may consist of up to six letters (with a blank indi-

cating the, end of the hey word if it •-equires fewer than six letters).

This string of letters is converted into two integer values which are

storeG es the first two elements of the array NAME contained in the

labbl.ed COMMON called BLOCKE. NAME(i) is determined from the first

three letters of the key word and NAME(2) from the last three using

the code shown in Table IV-IllS]. Thus, for MTRACE, NAME(1)=9477+S40+

18-10035 and NAME(2)-729+81+5=815. Thus, somewhere within LOOKUP,

NAME(1) and NAME(2) must be comipared with those values.

LOOKUP is logically divided into two main sections. The first
* - section consists of a series of data statements which are used to

define m;oro thon a dozen integer orrays. In the second section NAMEi(1)
and NAWW(2) are compared with those arrays to determine which coummad

is to be executed. IWhon the appropriat tcommand is found, two vari-

ablos, Li aid L2, which are also stored in BLOCKE, are sot. Those

I varia-os will be usore by the subroutine XI!CUTE to dotermine the

apropriato subroutine in which the command will be carried out. The

commands are divided into several groups of related commands, Each

P . M i ' ll

• " . . ,,.•:'' ." " " : " '" .' " . " . .. ... " . " '. i' " " ' " -" " .-', ' • ." .' " " .i : '"I
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First Letter Second Letter Third Letter

A 729 27 1
B 1458 54 2
C 2187 81 3.
D 2916 108 4
E 3645 135 5
F .4374 162 6
G 5103 189 7
H 5832 216 8
1 .6561 243 9
1 7290 270 -10

K 8019 297 11. ...

L 16038 32 4 12

W 94767 621 23
N 17496 348 14
0 10935 605 15

p 11664 402 26R 13122486 .1
-X 1.9.64 -2

Convor.$on co

zt;I

Mim
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A , ,group is identified by the value of Li which currently takes on values

;E' from one through fourteen. L2.is used to distinguish the different

'1commands within a particular group. The characteristics of each

of the groups are described in the comments in the listing of LOOKUP

(Appendix, page 225)

There are many places in which a new command can be positioned

within LOOKUP. One may use one of the existing groups or one may create

a new group, For example, one might choose to set Wl=15 for a new

command with entirely new structure, If -this were done, then it would

be necessary to modify the computed GO TO in XECUTE to allow a branch

when L1=15. This branch would call the approprIate subroutine which

must be supplied to perform the new command.

Before resorting to this extreme, however, one might consider

placing the now comimand-within ý;ne of the existing groups. Por MTRACE

it was decided that the group consisting of the coimands MDEFINE,

ADER~NE,, ABRASE, 141D%7N, ADIAG* MDIAG$ MZflRO, AZURO and MEIRASE would

K Ibe very appropriate for MTRACE. Por this group, Ll=7 (see L00K173-1754
Appendix, page 228 ).The corresponding array of numerical equivalent.s

I ~of command names is in array MA (see LOOK 39-44, Ap~pondix, page 225)

which now must be extended to hold two additional values (see steps

.1 a*) to Cc) above).

At this point, one has to look at the. $u~fl"UTIuN1aIC~tr *in this

jexample no changes are necessary since RTRACH has'boon included in an

existing group (MOP).# This group of commands is identiftcd.'by U=~7.

Vrom XEGUMh one learns that the computed GO O statonment XCil.1.

Appendix , page 288 )points to statement, No. 1500 if Llu7.'
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* Statement 1500 (XECU27) calls SUBROUTINE MOP. Thus we must obtain

the source of MOP which must be modified to accomodate the new command,

The first executable statement in MOP (Appendix, page 245 ) is a

computed GO TO. The number of branches in this statement must be

increased by one member (step 2(a)). Step (2c) adds the new code

required to do the checking of arguments characteristic of MTRACE. The

general layout of IARGS for any matrix command is as follows:

IARGS(l) Row coordinate of first matrix
(2) Col. coordinate of first matrix
(3) No. of rows of first matrix
(4) No. of cols. of first matrix
5-8 (same for second matrix)
9-12 (same for third matrix, if any)

In our example, the second matrix is output and is a scalar; hence

IARGS(7) and IARGS(S) need to be set equal to 1. The remainder of the

code in stop (2c) deals with chocks for legitimacy and the duplication

of the number of rows intu number of columns, if the latter is not

stated. NARGS is set according to the number of arguments which the

user entered. The correct number of arguments for MTRACE is either

6 or 5 (only 5 required if the Ltrace of a square matrix was desired)}

If the user entered more then 6 or fewer than .5 arguments, the program

proceeds to 10 which is a call to the error routine. If the user

entered 6 arguments they can be assumed to be the proper arguments in

the order required by XARGS (if they exceed dimensions of the workshpot

or are otherwise illegal, the subroutine WfXCiIK and other utility

routines will perform the checks). The next 3 statements in 2(c) arev

a n"
• ,V
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are intended to duplicate the third argument (no. of rows of the

matrix) into the fourth, and shift the others over, if the user intends

only 5 arguments.

Step 2(b) serves two functions. The first insert will serve to

inform MTXCHK that it must check two matrices. J indicates the number

.of matrices involved. L2=10 points to the 10th member of group 7

(which is the one we added). The second forces a transfer to step 2(d)

which, here as in many similar additions, is the actual execution of

the new command. Step 2(d) is the execution phase. In 2(d) it is to

be noted that RC is a one-dimensional array of 2439 words which con-

tains the entire worksheet. JB has been calculated by MOP as being the

coordinate of the initial element of the first matrix. The worksheet is

stored columnwise (thus NRO1Y=80). The subroutine MTXCHK, which was

called earlier, converted the entries in IARGS(1) and (2) and those in

IARGS(5) and (6) into a single number pointing to the number in the RC

array where each matrix begins, and placed it into IARGS(l) or IARGS(S)

respectively. Stop (3) indicates how a batch job is to be submitted,

so that the load module may be rebuilt, in our installation.

During the discussion of the addition of the command MTrRACE, it

was mentioned that an entirely new program could be written. Since this

intoractive program is designed for use by statisticians it would be

useful to be able to evaluate percentiles, integrals mid ordinates for

•.certain probability distributions. Those routines wore thus added to

Sthe system. To help a programmer who wishes to make similar add.tions,

the, steps taken for this modification are described below.
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The first change to be made is in the subroutine LOOKUP

(appendix, page 225 ). A new array IG must be introduced to accom-

modate the numerical equivalents of the 18 new commands included,

hence IG(36) was added in LOOK4. This array will contain the values

against which NAME(1) and NAME(2) can be compared when one of the sta-

4 tistical functions is desired. A DATA statement (LOOK 96) was added to

set the number codes corresponding to the names into the IG array (see

Table IV-1). Following statement number 324, (LOOK 231) a section has

been added. This section sets L1 to 15 since this group :of commands

is now the fifteenth. NAME(l) and NAME(2) are compared with pairs of

values from IG to determine if the given command is a member of this

group. If it is, then L2 will indicate which member it is.

'The next changes must oe made in XECUTE. Since Ll can now be 15,

another branch (3000) has been added to the computed GO TO at statement

number 90. Following statement number 2700, (after XECU66) these two

lines have also been added:

GO TO 9000
3000 CALL STATD

Having added a call for the subroutine STATD to the subroutine

XBCUTE, one next must write STATD. 'This task was relatively easy since

the new commands can be treated analogously to those executed by the

iubroutine FUNCT (Appendix, page 214 ) Both groups of commands

allow all argunionts (except, of course, the last one which must be

'column aiumbor) to be either floating point constants or column

numbers. STATD references a number of function subprograms. These

"I, were obtained from a statistical distribution package developed by

.....- .i. n.. -i____n _ -__i__l -r- . -l, -m-== -- °- "..'..._
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Bargmann (1]. We used PUNCT as a model to guide us in writing STATD.

The -program flow is discussed in Chapter III on page 116 )

Finally a new load module.:must be created as outlined in step (3)

above. The following cards were added to load module JCL following

the INSERT XIECITE card.

OVERLAY TWO
- -INSERT STATD.

OVERLAY THREE
INSERT GAMP,CHIXtCHIP,,CHIZ
ýOVERLAY THREE

INET I3ETAX, BETAP$FFX,,PFP.,TTX$TTP
OVERLAY THREE
INSERT BETAZ,FFZ,TTZ

After these modifications were made the following new commands are

available to the user: YORKX, YORMP, YORMZ, CHIX, CHIP.. CIIIZ, GAMX,

GAMP,. GAMZO TlX, TlP,, TTZ. DETAXs, I3TAP,.BETAZ, PFX, FFP and FFZ.



• CHAPTER V,

EXAMPLES

In this chapter, several examples of the use of an interactive

OMNITAB version will be presented in detail to illustrate situations

SI -in which a statistician would derive help from ,such a system. These

examples, in addition to illiistrating the use of certain commands,

should suggest other ways in which OINITAB can be applied.

A. ORDER STATISTICS

Frequently, non-parametric analyses 'involve the ordering of data,

One such technique is the Mann-Whitney> U test [SS]. In this section

a programn will be described which calculates the value of U needed for

this test,

The first problem, of course, is to enter the data into the work-

sheet. Since the U test requires that the two samplos be merged before

sorting, it is convenient to read all the data into one column and to

use a second column to indicate to which sample a particular observa-

tion belongs. Thus the first instruction could be

READ 12

A zero in column two will indicate ono s=mplo and a one will indicate

the other.

"140
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•t After entering all of his data the user should check the work-

sheet (see Figure V-i] for errors before issuing the next command:

SORT 1 2. In this command the first argument indicates the column to

be sorted in its own field. Any additional arguments indicate columns

containing concomitant information which will be carried along as rows

are exchanged by the SORT command. Sorting is from low to high.

After sorting the data, the next step would be to attach ranks to

the data. This is most easily done using the command: GENERATE 1. 1.

**NRMAX* 3. This will cause numbers from 1. to NRMAX, the number of

rows containing data, to be generated, using a step size of 1., in
S~column 3.

At this point the user can take advantage of the ease with which

data can be edited because he can view the worksheet, In this example

it is necessary to search for ties in the data and to raplace the ranks

for tied data by the average of those ranks. Note that this is only

necessary if the observations come from different samples. This can

* be done using the command: MDEFINE 4,3 nl a where % is the number

*I of the first row in the tied group, n is the nmnber of tied observa-

L tions in the group and a is the average rank, for the tied group. In

this example, the user would begin the editing procedure, after viewing

the worksheet, column 1 of Figure V-2 by issuing the command

?4DZIPINII 17,3 Set 19.0.

SThe other ties in tho example were re-defined by

•HDITINO 24,3 5,1 26.0
MOEPINJI 29,3 2,1 29.5
?D4031INU 31,3 3S1 32.0
W)EPINES 1,3 5,1 36.0

This produced Col, 3 of Figure V-2

.1 .
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OUTPUT AREA

HORKH6EET PRIT I
CO L UH N

I J 3 4! 48.0000 0.1) 0.0 0.0 0.02 2• •.O000 0.0 0.0 0.-0 0.0•3 0.0•0"00 0.0 0.00.0 0.0
4 62,0000 0.0 0.0 0.0 0.0

0 40.0000 0.0 0.0 0.0 0.06 29.0000 0.0 0.0 0.0 0.07 64.0000 0.0 0.0 0.0 0.08 5.00000 0.0 0.0 0.0 0.09 69.0000 0.0 0.0 0.0 0.020 04.1)000 0.0 0.0 0.0 0.021 60000 0.0 0.0 0.0 0.012 67.0000 0.0 0.0 0.0 0.013 59.0000 0.0 0.0 0.0 0.0
24 OS.0fl00 0 .1 (.0 0.0 0.015 67.0000 0.0 0.0 0.0 0.016 579'0000U 0.0 0.0 0.0 0.017 5960-000 0.0 0.0 0.0 0.018 64.0000 0.0 0.0 0.0 0.0
1729 06.00 0.0 0.0 0.0 0.0
18 7%4.0000 01.0 04.0 0.0 0.0

S MOM 0.0 0.0 0.0 0.020 77.0000 01 000~ 0.0 0:o
S3.00000 0.0 0.0 0.0 0.0

220 02000.0 .T O

23 711.0000 0.0 o0, 0.o 000
0*0 0.0eg .ooo o, n.-~S57000000 0.0 0.0 "1.0 0,028 6760 0.0 a (o1

7 E9.0000 000 (10 00, 001 I.0000 000.0 010 0.0
293V6-0000 0000 0141 041 OQiOS.O 0 000

9 ooa ,0 le.00-1 .0400
ao 'io.o000 1 .000 0.0, 01340 .0

I 110 :04,117 4,IO002 0 0W, a, 0 0sv,- '?0.o000 & 0 0,0 01.0.. 0.0
003 ... 0a.0

10-0000. 1.11#1110000.0.0 0.0

i . Figure V-1...

• .. Workshoot after reaing in tho data ..

"'"'."+•+" '•'•+•"+-' . "•++'++"""< ... •-'-, "t ,, ..... ,•p,-,•,,,. •, • .... .,...... . ....... ... .... .............. . ...... ............ . . ..
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OUTPUT RREA
WJORKtSHEET PAR~T I

1 2 4 5
1 3.00000 0.0 1.00000 0.0 0.0
e M.0om 0.0 2.00000 0.0 0.0
3 0.00000 0.0 3.00000 0.0 0.0
4 22.0000 0.0 4.00000 0.10 0.0
5 29.0000 0.0 5.00000 0.0 0.0

*6 33.0000 1.00000 6.00000 0.0 0.0
7 45i.0000 1.00000 7.00000 0.0 0.0
0 40-0000 0.0 6.00000 0.0 0.0
9 49.0000 0.0 3.00a00 0.0 0.0

410 .52.0000 1.00000 10.0000 0.0 0.0
11 66.0000 0011.0000 0.0 0.0
32 57.0000 0.0 12.0000 0.0 0.0
33 S9.0000 D.0 x3.fl0J DID.0
J4 59.0000 0.0 14.0000 0.0) 0.0
35 59.0000 0.0 15.0000 0.0 0.0
is IM 00000o 0.0 15.0010a 0.0 0.0
2? V2,0000 0.0 10.0000 0.0 0.0
253 fie,.0000 0. 18,0000 0.0 0.0
10 02.0000 1.00000 19.0000 0.0 0.0
20 62.0000 1 .00=00 19.0000 0.10 0.0
21 62.0000 1.00000 13-0000 0.0 0.0
22 C13.0100 1 .00000o 22,00110 0.0 0.0
23 63.C000 1.00000 23.O0t3O 0.0 0.0
24 04-0000 0.0 PS.10000) 0.0 0.0
29 04.D000 0.0 ý20.0000 0.0 0.0
26 64A0000 0.0 26,09110 0.f) (.0
27 64.0000 1.000010 26.0010 0.0 0.0
20 04.0000 1.00000 260.00(0 0.0 0.0
29 GS.0000 0.6 29*5000 0.0 0.0
a:so 6.0000 ~ 2.oa
31 66.0000 0.000 929.30l0 0.0 0.0)

4 2 66.0000 1 .00000 32,0000i 0.0 0.0
33J 6640400 M.0000 32.0060 0.0 0.0
?. 7.0000 .03G.0000 .01
~;i 67.0000 0-0 36.00an0 0.0 0.01

3c6 7.0000 0.0 135.tflr'0o o.0 0.0

40 07.0000 1.00000 406.00011 0.0 0.0

RECPLY (ZRi.1

WVork-shoot aftor'ositeoring GCNMRT&h 1. 1.* *NRMAX* 3

. .... .
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At this point the user may take advantage of the designation of

samples by zeros and ones in column 2. He is interested in the sum of

the ranks for only one of the two samples and can obtain this with two

more commands. First, he issues the command: MULT 2 3 4 . This

co=4,and will store, for i from one through NRMAX, the product of the

i'th element in column two and the i'th element in column three as the

i'th element of column four. Thus the only non-zero elements of column

four will be ranks for one of the samples. The next command would be

SUM 4 5 . This command sums the elements of column four and stores

this sum in column five (see Figure V-3]. (Since O.NITAB is column-

oriented, the result is written into all elemonts of column S. Because

of the instantaneous display on the graphics terminal, this causes no

delay.) From this point, the rcst of the calculation can, of course,

be carried on in ONITAB, but a desk calculator is sufficient. The

most tedioua task of obtaining the sum of the ranks for one group has

boon easily accomplished.

.•. .. . .. . .:- - , -. ~ .... ~ .• •. .. •
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#OUTPUT AREA

UOWBiHECT PART 1
COLUflN8

12 3 4 5
1 3.00000 0.0 1.00000 0.0 1704,00
2 5.00000 0.0 2.00000 0.0 1704.00
s .o000o0 0.0 3.00000 0.0 o1704.00
4 22.0000 0.0 4.00000 0.0 1704.00
5 29.0300 0.0 5.0000 0.0 1704.00
6 33.0000 1.00000 -. 00000 6.00000 1o704.0o
7 45.00•3 1.00000 . 7.00000 7.00000 1104.00
6 48.0000 0.0 V.00000 0.0 1704.00
9 -49.0000 0.0 >:8.00000 0.0 1704.00
10 52.0f03 1.00000 10.0000 10.0000 1704.00
II SS.oov0 0.0 11.0000 0.o 1704.00
12 '57.0003 .0.0 12.0000 0.0 1704.00
13 59.0000 0.0 !3.0000 0.0 1704.00
14 59.0000 0.0 14.0000 0.0 1704.00
lb 59.0000 0.0 15.0000 0.0 1704.00
is 51.0000 0.0 1.000co 0.0 1704.00
17 62-O2OC 0.0 19.0000 0.0 1704.00
I 8 62.0o00 0.0 tS.0000 0.0 1704.00
i9 62.0000 1.00000 19.0000 19.0000 1704.00
20 62.0000 1.00000 19.0000 19.0o00 1704.00
c1 62.0000 1.00000 19.0000 19.0000 1704.00
22 63.0000 1.00000 22.0p00 22.0000 1704.00
23 63.0000 1.00000 23.0o00 23.0000 1704.00
2ý •4.0000 y,0 20.0000 0.0 1704.00
e 64,0000 0.0 26.0000 0.0 1704.00
26 64.0000 0.0 26.0000 0.0 1704.00
27 6440030 1.00000 26•.00 26.0000 1704.00
9 08 64.0000 1.00000 26.0000 26.0000 1704.00
29 65.0000 0.0 29.25000 0.0 1704.00
so 65.0-ioa 1-000^3 29.5000 29.5000 1704.00
31 66.0000 0.0 32.0000 0.0 1704.00
32 60.0000 1.00000 32.0000 32.0000 1704.00
33 66.0000 1.00000 32.0000 32,0000 .1704.00

" 34 67.0000 0.0 36.0000 0.0 1704.00
35 67.0000 0.0 36.0000 0.0 1704.00
36 67.0000 0.0 30.0000 0.0 1704.00
37 67.0000 1.00000 30.0000 M8.0000 1704.V0
38 67.0000 1.00000 36.000,0 36.0000 1704.00
39 60.0000 1.00000 3q.00,0 39.0000 1704.00
40 68.0000 1.00000 40.0000 40o0000 1704.00

REPLY ARf.0

"isure V--3

Workshoot aftor entoring SUM 4 S

,A

•, ,: ,?: . , .. w :''' -. , .. . . .. '"•. .. . ". .. . . y . .. . . .. . .. .. . .. ., . " ' .. "a" . . . . .. . . • ' .
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B. BIOASSAY

A frequent problem encountered by the applied statistician who

works with biological data is that of estimation of parameters in non-

linear models. A technique often used here is quantal analysis,

usually called bioassay on account of its most frequent application.

Many bioassay problems can be solved using OMNITAB. Convergence dif-

ficulties can be resolved as they appear. In this section, performance

of a probit analysis using OMNITAB will be described.

For this example, consider .the following oeeriment: A-certain

carcinogenic food additive is administered at several different dose

levels to groups of laboratory mice. The experiment is continued for

a fixed time period. At the end of this time period, the number of

animals in each group (the i'th group consists of all animals which

have been administered dose d1 ) which have either survived or have

been eliminated following the discovery of a tumor are called the

number at risk, ni. For each group. the number of animals in which

tumors have appeared is known as the number of responses, r,.

Figure V-4 shows the statements which were used in performing

the initial cycle. Data are read into columns 1, 2 and 3 (lines 2-10).

Column 1 contains nis coluim 2 contains ri and.coluwn 3 contains d.

iiiIn the probit model, Yi A + BXtXt is usually logdose while Yi the.o.

probit, is 0 (pi) +5 where pi is the proportion of successes in the

itth group and is initially estimated by ri/ni, the observed proper-

tion, and whore 0 is the proportion u.der the stai-ar4 normal curve

a nud thus 0"1 yields the percentile for the standard no mI curve. f
Dosage (logdose) is obtained and stored in columzi-9 (line 11). The

- --- -- 4---.-----
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.e~ftJ1?OUTPUT AlREA'
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observed proportion and the observed probit are calculated and stored

in columns 4 and 5 respectively (lines 12-14). (YORMP evaluates the

function - These values need not be recalculated later. The work-

sheet, after these instructions have-been completed, appears as Figure

V-S and can be used to compare with predicted proportions later.

After completion of this initial work, weighted regression is

initiated. Column 10 will contain the working probit. For the

initial cycle, the working probit is the observed probit (line 15).

Column 8 will contain the weights which initially are the number at

risk, n., contained in column 1 (line 16). Next a weighted regression

was performed using as X, the logdose, and as Y, the working probit

(lines 17-29).1 The initial estimates, B(l.99483) and A(.83249),

are stored in columns 21 and 16 respectively. These two sections of

the worksheet (Figures V-6 and V-7) will be used to store the estimates

of the slope and intercept obtained in the iterative procedure.

Finally, the predicted probit, Y A + BX, and the predicted proportion,

P O[Y-5], where 0 is the standard normal CDP, are calculated and

stored in columns 6 and 7 respectively (lines 30-33). (YORMX evalu-

atos the funct li..'i t.) Figures V-8 and V-0 show the worksheet sections

3 and 4 as they appeared at the end of the first cycle.

In subsequent cycles working probits, y*, and woights, w, must be
"*2

calculated as follows: y = Y + and 'C ji where Y is the

predicted probit, p is the observed proportion, P is the pvedicted

IWhe-ro muore than the required argumonts appear in a column-
J iorientod OINITAB command, the next to last column (or number) is mlil-

tiplied; e.g., line 21 says take number in (10,7) divide by entrios in
Scolumn 15,-multiply resultby ntmborin (10.7) #rA store into Col. 16.

I-] *- -
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A?

OUTPUT flRER
jORKSHEET PART I

2 4COLUfN
1 100.000 3.00000 10.0000 0,300000:*.01 3.119el
2 75,0000 8.t0,00O 2MOM.C0 0 4CGOV'IL-01 3.4qb9l
3 65.0000 $1.0000 100.001) 0.3c4'711r 4.6;409
4 9$.-0000 69 ,,o. 0 200 .00 , '1J.2•c 54.100M9
5 105.000 .b .0000 500o000 0.7 Vf,67 6.$6621a
6 100.000 1 .0000 700.000 04l0000 6.14075
"1 ,O.0000 07.0000 900.000 0.03i6•l'3S, 60):311.1
9 ,3.0.0 22U.02-,.0 1000,.00 o ,.sooo ".40OU1
9 0.0 0.0 0.0 0.0 0.0

1o 0.0 0.0 0.0 0.0 0.011 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0is 0,0 0.0 0.01 0.0 040
16 0.0 OO0.0 0.0 0.017 0.0 0., 0.0 0-0 0.0
10 0.o 0.0 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0 (420 0.0 0.0 0,0 0.0 0.0
"21 0.0 -(.a 0.0 0.0 0.0
22 0.0 060 060 090 0.0
23 0.0 0.0 0.0 4.0 0.0
24 0.1 Om) 0.0 0.0 0.025 0.0 0.0 0,0 (.0 •0
2p0 0.0 0.0 0.0 0.0 0.027 0.0 0.0 0..0 0.0 0.0
20 0.0 0.0 0,0 0,0 0.0
29 0.0 0.0 0.0 0.1 0.0
30 0.0 0.0 rl)3 0.f 0.0
31 0.0 c.o 0.O 0.0 0.0
32 0.0) 0.1 0.0 0.0 O.0
33 0.0 a.11 0.0 0.0 0.0
34 0,0 0.0 .0.0 .000 0 t)
3S 0.0 0.0 0.0 0.0 0.0
30 04) 0.0 0.0 0.0 (.0.73 0.0 0.0 04n 04o 0,o.03 ."•• 0,0 FpO 040 O, 0,0"340 0.0 0.0 0.6 0.0 0.0

INEPLY A

"Workhoc afto -at n Y.."iguw V-S 4 5

- . .:. o~shoot aftor cntoring VOZIM•P 4 5

S . : :'. , " .

-' •" "" • '. 2 ..



OUTPUT AREA

NORKItHEET PART 4

- COa. U H/8le 17 1-- .• I . 9 20
1 0.032408 0.0 0.0 0.0 0.0
2 0.B32,•,r 0.0 -- 0.0 .0.0 0.0
a 0,83-4r•8 • X- 0.0 0.0 0.0
4 C.B32400 0.0 0.0 0.0 0.0a I 32? 0.0- 0.:9 0.0 ago1 0.•0320 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0

7 0.40 0.0 0.0 0.0 0.0
1 0.0 040 0.0 0.0 .01t 0.0 0.0 0.0 04. 0.020 0.0 0:o 0.0 o.o 0.o
12 0.0 " 0.0 0.01 0.0
t2 0.0 0A0 0.0 0.0 ".0
14 0.0 0.0 0.0 0.0 V.0
t8 0.0 •0.0 1,0 010 0.0
1 : 0,0 0.0 0:0 040 0C.
S17 O.O 0.0 0,0 0,00 C.O
to 0 0.0 0.0 0.0 C.0
Sin 0. 0.o 0.0 0:0 0.0
31 0.) 0.0 0.0 0o0 0.0

22 0.0 0.0 R.OH 0.0 C.O
23 0.0 0.0 0.0 0.0 0.0

04 0.0 400 CIO 0.0 0.0

2Gi 0.0 .0o0 0.0 a.0 0.0
' 0.0 .0 06.0 .0 0.0
2a0.0n 000 0.0 0.0
29 0,0 0.0 0.0 0.0 0.0]0 0, -- OC coo 0.0 0.0

I, CEPLYo•. Ai1EA j

31 0,0 0. .0.0 0 .5 0,00
32 V 0, 0.0 0.0 0.0 01

3•~co 0. ,0.,0-. 0.00
,4 cOvf 0,0 o.O 0.0 coo
.; .0t (1 .t .') 0.0 2. 7 0.0
T? 1N.0 .04o 0,0 Can
39 S, 0 .O e. 0.0 " 0.0 0.0

14 A•[ 0.0 0.0 0.0 coo ,

I [ fREPLY AlREO

: • lFigure V,-6

W, : -loz'kshoot after ontoring DIVIDL• 27-26 2.1 -8
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'I

SOUTPUT ARlEA
HORM ;EE; P 04RT

C a 1. U Mr N 8
43 m: 24 25!1.99483 0.0 0 .,q .0O,

S0.0 00
2 1.09,9,03 0.0 0.0 0.0 0.0

4 7 .99403 0.0 0,0 Vo. 0.0
6 1-9949- coo 0.0 0.0 0.0
a 1.99403 0.0 0.0 C.0 0.0
7 1.19403 0.0 0.0 0,0 0.0
4 0.099493 0.0 0.0 0.0 0.0
59 c.o 0.0 0.0 0.0 0.0

16 .00.00. 0.00.

I 1 8:0c. 0.

12 0.0 000 G.( 0.0 C.0
3s 0.0 0.0 0.0 0.0 0.0

14 .00 0.00.C0
Is 01 (1.0 040 O0.

( 01.0 (,11 0.0 0.10 0.0
17 0.0 0.0 (.0.0 0.0 COO
18 0.0 0.0 0.0 0.0 010

19j 0.0 coo 0.0 ale voo

go 0.0 0.0 0.0 0.0 0.0
22 000 ()00 VIC 0,0 VIC

23 0.0 0.0 .. O 0.0 0.024 0*0 00000s5 0- c ,o~o non ()s 0su

27 0.0 0.0 ..0 0.0 C.I

0 0.1, 0.0 0.0 0.0 0-00230 80,0 : 00 0.O S:- O.OV.

34 0:8 (.,, Poo Io , . .,

* I Wooikiootafoi ,nt,,n SU3hC 14 16,16

3S0. .O C.0 .0,

1a ,0 .0. 00o

.(- ol "0..0 a 0.0,o0 . , .

t ' ~~FigureV-7- .-

W orkshoot aftoz•.ontoring--SU13T•ACT 14 16*16 -A
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OUTPUT AREA
HIORKSHEET PART 2.

6 CC O L U ht N-6
78 9 10

2.82732 0.14900?.E-01 100.000 1.00000 3.119212 3.0211 0 ",R f607E-D1 75.0000 1•3!3794 3o4408•1". 4.-0218 0a4211]W.3 0.0000 2100000 4.,:,-M
5t 5.42968 0a .13'728 95 .000 2.30103 5.4006,9

5 8.2104 0. :. 100 100.no 2 .-. 07 5.,5218
6 0.50799 0.!11,;2! 100.000 2.04510 6.34075
7 0.7257. 0.06,7000 90.00,.0 2, 5424 a-63391
a 0.81699 0.98b39j1 125.000 M3UM101.! 7,40891
9 c.o o.0 0.0 0.0 a.x
10 0.0 1002 .2.3 4240.3210544743
1) 0.0 G,0 0.0 0.0 0.012 0.O c.0 0.0 0.0 0.0

0d.r 1.0 0.0 0.0 0.04 0.0 0.0 0.0 0.0 0.0
165 0.0 V 10 0IO 0.0 0.0

160. cI ) 0.0 13.0 0.1017 0.0 C.o 0.0 0.0 0.0
1.3 0.0 0.0 0.0 0.0 0.019 O.0 aC 0.0 0.0 0.0
.20 C.O o.o 0.0 0.0 0.0
2 , 0.0 0.0 C-0 0.t 0.0
22 0.0 0.0 r.0 (v.0 C.028 0.0 0.0 0.0 0.0 0.0

?4~ 0.0 0.0 0.0 a. 0.DGoX; C.O 0.0 .0 0o.0 0.0
32' C c0.0 a.0 0.1)

•.0 0.0 0.0 0.0
S29 V.0 C.O 0.0 0.0 CIO
30 0.0 0.0 040 0.0 0.0
3 0.0 0.0 Ole 0.0 0.0
311 04-00 0.0 0.0 0.

39 (.0 0.0 0.0 0.0 0
940 0.0 D.0 0.0 0.0 0.0

Figure V-8

Workshoot •ator ontoring YOI4X 26:7 PM.EDICTMI PROPORTION

I t
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SOUTPUT AREM

W•ORKShEET PRIRT 3

C 0 LU JM N S
11 12 s 14 14

1 3.11921 1.00000 2.52545 5.47138 775.000
2 4.89127 1495424 2.32546 5.47138 775.000
3 9.30018 4.00000 2.32.345 5.4711I 775.000
4 32.1510 5.29473 2.o2S45 5-4713W 775.000
5 35.2561 1) -%3,844 2.3,"2S-1 5.47133 775.000
6 18.040, 6b.09450 2.321;45 5.47338 775.000
7 20.1090 0 .,91753 2 3•1 ' 5 .4) 138 75000
8 22.2207 S 9,0GOOfO 2-32545 3447133 "il75.Ot]Oa G-.) 0.0 Ole 0.0 0.0

10 0.0 0.0 0.0 0.0
11 0.0 .0 0.0 0.0 0.0
12 0.0 0.13 0f11 0,0 D .o
13 0.0 0.0 0.0 0,0 0.0
14 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 0.0 0.0 0.0
I c, .0 (-.0 0.0 0.0 0.0
17 (1.0 0.0 CO 0o4 n .0
101 (.) 0.0 0.0 0.0 0.0
10 00.00., U.0 0.0
2-0 0.0 0.0 0,1 04. 0.0
21 0.0 0.0 2.0 0ID 0.0
22 (.0 11.0 Poo 0.0 a.0
23 0.0 CI0 C.O 0.0 0.0
24 0.0 0,0 0.() 0.0 0.0
25 P.0 010 IXLI if.0 066
28 3.0 11,o P(o 0.0 0.0
27 C.O Coo 0).0 .0 0.0

20VC040 0411 (.0 0.00 0.0 0.0, 0,I 0.0

0 g:0 0.1 0.0 0.0 10
34 12.0 ,1 0 0.0 a.0 .0

S37 0,0 0.0 0 II.0 0.0Sri 0.0 0.0 0.,1 OO m•,
39 0:0 CO CIO 0.0 0.0
9 boo oo C0

II1Workshot after ontowing DIVIDE *100S* 15 14 -YO

... . .............
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proportion and Z is the ordinate under the normal curve (YORMX)

(lines 34-42). In each cycle, new estimates A and 1 are calculated

by performing a weighted regression using as X, the logdose, and as

Y, the working probit. Note that the working probits and the weights

are recalculated for each cycle. This process can be continued until

the desired degree of convergence is obtained,

C. SCALING OF MULTIDIMENSIONAL CATEGORIZED VARIABLES.

In the transformation of categorized (nominal).variables into

interval scales [26,41,42] a cumbersome numerical analysis problem

arises when three or more variables are categorized. One of the

probloins is as follows: Given k sets of random variables, with p1, P2,

"ramndom variables in each set, find vectors of weights i, "!k

and hence a single lincar composite for each set: u x1

i•Zk, such that the determinant of the matrix of correlations between

(u 2 ..,,u,) is minimum (56].

If close starting valuos .can be found, the minimizing sots of

weights, $ can bo obtained, e.g., by Flotcher-Powoll itor-

ation [27]. Thus we nood to investigate techniques of approximation

and since scaling of catec;orizod data Js in iteolf a very crude method
of data reduction, thw applroximate solution may be quite adequate in

lieu of the exact lainimizing solution, it- it is close enough.

Many muthcxls are availablo and arc boing studiod 116]. Ono could

be to obtain the c:anonical weights of the i'th sot against all other

sets combined. Anothor would be to obtain the canonioal weights of

,- • sot i versus each of the other sets, and then to Combine those "imagos"

1*1
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by some weighting procedure (multiple regression of suitably normalized

weights, simple averages, etc.) Clearly, OMNITAB is very useful for

exploration of these various weighting methods. The present illustra-

tion compares images that were averaged using canonical correlations as

weights. The first two frames (Figures V-lO and V-1I) show the commands

which were used to obtain all the canonical variables, and the combined A

linear composite for the first set. The following two frames (Figures-

V-12 and V-13) show the pages of the worksheet which contain results.

The entire correlation matrix, of order six by six (three sets of two

variables each),was read into the worksheet starting in location (1,1);

thus RI2 starts at (1,3), RI3 at (1,5), and R2 3 at (3,S). (10,I) is
th 2 1s3 )o 2 R 3

the start of the 2x2 matrix R12 Rf2, (13.1) of R1,Rj,, (16.1) of R

(19,1) of (R1 2Rv2 )" 1, (22#1) of (RI3 R13) 1 , (25,1) of (R2 3RI3 )' 1 . The

* inverses, in some applications, are singular or near-singulari if thks

occurs, certain variables need to be dropped. On the basis of displays

in Figure V-12 we observe that the matrices are well-conditioned and

in the present instance, we may proceed, The corresponding rows in

columns four and five contain check procedures for oigenvoctors. The,

first two columns of row 28 contain the eigouvoctor associated with the

largest root of R12 [! 2S hence (since R 1  R2 2  1) the imae of set 2

in set 1 (unit longth). Similarly row 30 contains the image of sot 3

in set l and row 32 contains the image of set 3 in set 2. The 2 by 2

-matrix of correlations botwvon images starts at (10,6) (on the second

page of the worksheot.) As is seen in Fig: Ca V-12, the two row vectors

in rows 28 and 30 arequit* differont. It is on the basis of this

woxksheot display that the docision was made to combine these vectors

f I . I- . i . .. ...il "•

I I~i _•2 ilI



OUTFUT AREA
IF' THE SCREEN BECOfles FULL AN ALARM W~LL. SOUND. WHENr YOU WANT TO SEE
THE NEXT SICTION1 OF YOUR~ ?AOGORRI PRC166 KEY 2.

CRASE.
READ Immuu

0 3..3329..013.- .0ri04 .-.02135

HXX*) 1 *t~lo

GENERATE 1.*0..1..3O

ROD I3. TO) 30300
GENERATE 1.9.4.1..30
flVECDJRO 1003..24.10-4
hVECDOflD
tIVECOING 154.2.2.36.4
HtINVERT 20,1.4 Isi
hINVERT 1331 .2.22*1
HINVERT 16#4.2.2.1
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OUTPUT AREA
MtSCRLI1R 25.4.1. 2.1S011470527334.28.
RIEAD 1.2

tIMULT 320v)t1,I.38,12,2.2S.4
MMrLM~ 25o4o1.2,15,01020843.26s4
11$!fLARE 28.1 .1 2.-l..28o3

"1TRANS 30. 1.12&28.4

READ Moo.
* Roll 10

HINVERT M6,0.021.
ePfltLr 13.0,29220.0.92.143,8
flSC'ILflR Sgo.1,t2o2-.b4458,31ol

READslo)92
- .734974#.- 6730'.15
1¶OCRLfsR 0112'.IU91

A1D 2 .1.s 2',31*1#34#1
PERUI 9#10

RODN 21

- -$0c11dpago of eomunds for scaling exaLV~c
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OUTPUTY FIRER

XORKKEI~T PART I

I 1.00000 0.0 0.1IJ1tODE-01 0.160[690 0035990CE-01
2 0.0 1.00000 -0. 2slf' 0.739400E-01 -0.7984C0E-01
3 0 173700E-01 -0-33223S0 1.00000 0.0 -0.357500
4 0 100V6JiC O.739409tE-01 0.0 1.C0OOO 0.167270
6 0-3593OOE-01 -0.75!940OC-01 -0.15751'0 0.107270 1.00000
a ESOCOaE0-01 8:M135iO0E-1 -0-140520 0.048000DE02 0.0
7 0.0, 0.0 0.0 0.0 0.00
9 03.0 0.0 0.0 0.0 0.0

10 0.261941C-01 0.609M8E-02 0.0 fl.26M84C-01 0.0
11 0.609i506E-02 0.116315 0.0 09116335 0.0
32 0.0 0.0 0.0 0.0 0.0
13 0.20l3472E-0l2 -O.3I(1667E-02 0.0 0,20347"E-02 D0.

*34 -0.366967E-02 0#667166Cz-02 0.0 0.0671Sf:-02 0.0

Is000.0 0.0 0.0 0.0
37 -0-27604SE-01 04800511C-01 0.0 0*230511C-01 0.0
is 04a 0.0 0.0 0.0 0.0
29 30.6029 -2.02626 0.0 fl.70409SE-02 0.116461
R0 -2.02626 0*70356 000 D0-61746E-01, 04997737
21 0.0 0.0) 0.0 0.0 0.0
22 1259.93 690.019 0*0 0-45t034C-02 -0.7C.079E-02
23 690.019 Iý29.73 0.0 Oo-147115 ..0-0653I5
e4 0.0 04 ago 0.0 11.0

*26 60.7029 49-9542 0.0 -0:541754C-01 0:307734C-.01
90 49.9842 19.0019 0#0 -0.013100 D.802000

*27 0.0 O 0.0 0 , 0.0
420 -0-071747C-01 -0.1.91'141 0.0 04017116 0.0

29 -0:720502LN.01 -00=178l 000 -0.0ass1a goo

31 0.4059S.0 04f5"f~.01 0.5 0 o10245 0.0
S2- 030 0.'J200 10.0 0:0 0.0

:)sJ 00.0*od o 0.0
U4 0.2SC034t.'01 *.0123~574 04)fl0 0.0

$7 0.0 0.0 040 . 0)

so04 Ot 0000.
04OV0.0 0.0 0*0 0.0a
ju0.0 0 .000 0.0 000

Iligtwe V-12

Workshuot after enteri~ng RMW 29,1*i,2,j31*I,34t1



OUTPUT ARCO

,7 IORKSHEET PART 2

.0.61095-01.- 0.99.132iii .-0:1SoBoDE-oi 0.0 " 0.0 0.0 0.0
S -~i~5 0 .00.0 0.0 0.00.0 0.0 0.0-

.o.8 o+.o o0o co:o .. 0.0:0
0.0 0.0 -0.0 0.0

6 !.600000 0.0 0.0 0.0 0.0.0.
70.0 0.0. 0.0 0.0 0.0
8 0.0 0,0 0.0 '0.0 0.0L9 0.0 0.0 0.0 0.0 . 0.0

10 ..00000 0,818246 0.341650 0.0 0.0
11 0.0102945 .00000 0.949,798E-01 0.0 0.0
St 0.0 0.0 0.0 0.0 0.0
"33 3,04101 -2e49133 04904079 0.0 0.0
34 -t.49133 3.04101 -O-6644US 0.0 0.0
35 0.0 0.0 0.0 0.0 0.0
16 0.0 0.0 0.0 0.0 0.0
37 0.0 c.o 0.0 oo 0.0

Is :8 8:0 8:9 08 -8:8 0.:
20 0.0 0.0 0.0 0.0 0.0
21 0.0 0.0 0.0 D .0. 0.0
R e2 0.0 0:0 0.0 0.0 0.0
23 0.0 N.O .00 0.0 Go.
26 0.0 0C0 0.0 00 0..
27 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0

L. t 0.0 0.0 0.0 0.0 0.0
29 0.0 0.0 0.0 0B0 0.0
"s0 0.0 0.0 0.0 0.0 0.0

52 0.0 .0.0 0.0 0.0 0.0s .o 0. o0. 00 0~ . .033 0.0 0.0 0.0 0.0 0.0

40 0.0 0.0 0.0 0.0 0.0

FigurVPLY" 1

-w -
I\I•.Wurkshoeot after entering in columns 9 and 10 tho values

+i .061093 and .9981321

u . .

*1,

i ~ l l J l l l I I il i I I m i + m + J i • I I • + • m m • + m+ = . t ++ -



160

using some systematic vighting procedure (had the vectors been similar,

different weighting procedures would have had little effect). With

canonical correlations used as weights (10,8) and (11,8), the two

Images (28,1) and (30,1) have been combined, then normalized into the

I by 2 vector starting at (1,9).

The next frame (Figure V-14) shows the additional commands which

were used to obtain images of .set 2 in set I (R•2xI1 reduced to unit

length), of set 3 in set 1", and of set 3 in set 2. After combination

with canonical correlations as weights, and normalizations, the final
weights were obtained and recorded in the second part of tIe worksheet

display starting at (1,9) [-06109 .99813]
(see Figure V-IS). These weights .91737 -. 39a03 are so

.87288 .45992

comfortably close to the final minimum-determinant solution (which was
i obtained by Pletcher-Powell iteration).r 1

-. 05466 .99851
.92930 -. 36932 that this approximation, if equally close in
,,85659 -.51599 - •

many other examples, can well be considered adequate for purposos of
categorical scaling. Ilia correlations between the uI, U2 4 u. were

obtaino4 by MMUL commands, e.g., !q12 into (5,9) and 2_•R 1A

corr(Ul•U2 into (10,10). (see Figure V-16). The correlation matrix

1 -,331275 -.0815043
-. 331275 1-248449 is quite close to the
-.081504 -,248449 1

I I-33852 -. 075643

midum-etrminant matrix [.338552 1 -. 251130]
-. 075643 -. 251130 1

:• ' ql• i n m fi i I"............ • ... •• •. .
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OUTPUT AR71A
UOR 32
.-.013193073,4.92000D8

ItICRLRtI 2S.4.1.2.15.01028548.26.,4
111CCflLR 2901.1.2.-) 029.0
iIERIIE 60,28.11
MlRAI4S 30.1.3 .2.28,4
tIJULT 28.1.1.2.28.4.2.1341.4
READ 6,7,0
RON3 20

fHfIN.RT Of30,64,13,6
HHtULT 13.6$.42002bo.8.23.8
S~C(RLAR 20.,10.2,d040J19,e2,
nSCQLAR :30.1.1 ,2:-:S1443.3) .1
RAoo 29ulIs2.1 1..S4o2

READ 9.10
- .?34974 .- .70095
fi1s LAN~2 .... 1,M2.
I I2CqILag 304..IiY 11.OM.,3I.1

-061093. 4901321
f~AD 6.7
0960904,.2472700

.)37.4,0 0 0S

lKI 30ololo2,2,5.,24#30*4
pliutrU 32...2,,.24*42,32.94

~o s210 1
4,09-12797#42503)34

D ~Piguro V-144

4 $~e~cond paso of co~iauds for scaling exauplo
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J V OUTVIJT fiREA

I ~ 4~?gg:8~ *g MRKSHCET MRIT 2
0 898E01000.0 -0.CIO9SOE-01

-0 130 CE5D0-01 0.0 0.0 0.0137 0.3900
0450 0.0 0.0 0 .0727 0.482

5 0.C. 0.00000
6 1.00oo000 0.0 0.0 0.0

0.0 0.n 0.n 0.0 0.0
8 0.0 coo co.00

0.0 0.0 0.0
390 1.00000O 00dJ) 245 0.343650 0.00.
11 0.10245 100000 0.942?OSE-01 0.0 0.0

co000.o:~4f7 : 0.0
13?304101 2i.49133 -0.604507 a0:0 0.0

14' -2o.49133 3.041C2 0545 g 0
2501 0.0 *0.0 0.0 0.0

16 0.968946 :.0:287271 0.0 0.,913140 0.407627

ai 00~ 8:2U10 0.0 8.0 .3: 01 :
90 8483 -- 23170 -D0*311520 0:104141

20 a~~s 0g.~30 0.0 01:80
040 0.0 0.00.
0:3 0. 0 0.0 0.0 0.0

£4 00 0.0 040 0.0 0.0s~S.8 0.0 0.0 A. .0

170009.0 0.00
.99 0%0 0~ .r 0.0

A0 va8: 0 'M :0.1 0.0 0.
001 0,11 0.0 0.0 0.0 0.48

0.V 0,0Da

0.0 00
8. :8 0:0 0.0 080

'a .0.0

Worksheot just before ontowing tW4ULT. 1s9#1#2#1*,2s2,pS#9
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ouutPir AREA

IHflILT 1'...524.se

HIIULT
M~IY

REPLYAREA

Fiurs-1.

.1bid pae of com ds fr sclingo:1

Wel
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and has determinant .80847, compared with .80373 for the minimum-

determinant solution.

This example was carried out on the IBM 2250, using conversational

OMNITAB, by R. E. Bargmann, in 3 1/2 hours, at a time when the system

had low priority and response was slugp.ih. Again, the most helpful

feature was the facility to look at t'.c 1ýrksheet after almost every

single command,

D. MULTIVARIATE ANALYSIS

The following example, the calculation of canonical and canonical-

partial correlation, was carried out by students at the University of

Georgia, in the Multivariate Methods class (STA 825). They were

encouraged to use the *nteractive OMNITAB system. In supervising the

operation, the instructor (R.E. Bargmann) had to advise students onI! efficient tecmniquos of organizing the workshoet in such a way that

related intermediate results would appear in the same worksheot section.
A particular execution of this problom is shown in the displayZ in

this section. Commonts reported to the author by soveral students

have also beon included. These comonts serve to point out the variety

of approaches available aud to illustrate some of the most common

difficulties encountered by student$.

wDring the presentation of a course in multivariato methods, one

of the important concepts is that of correlation botwoou sots of

I.
• - . • :: . .• .: . • • ••. •.i .ii •:..i, : / / ,: : .. • : •'/ / ••/ - i • ' "i/ -. . .... ... . ..
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variables. Consequently,, the instructor will introduce the concept of

* canonical correlation and derive step-by-step algorithms for the ovalu-

ý0_ ation of relevant results. The population canonical correlation will

be shown to be the square root of the largest characteristic root of

11 12221;2 where El Var(Q), E22 12a()ad£~*CV5,)

~,the vector of weighits associated with xis the associated character-

istic vector and 1,the vector of weights associated with Y, is

22 12-. The process of maximum-likelihood estimation is performed in

4, the following steps:

(1) Obtain R, the matrix of sample correlations,

R
Ru 1 121
RR

12 221

(2) Obtain R' andR11 22'

(3) Obtai~n k2 R1

(4) Obtain iý R R A12 22 12

(S) Obtdin R'I~ 2 22

(6) Obtain the lar~gest characteristic Toot of the

matrix obtained in (5).

(7) Obtain PL.,~ tho square root of .(6)
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(8) Obtain a, an associated characteristic vector from (5) and

(9) Obtain b K R2 1 2a,

With these steps in mind, a student would write the- following

SOWITAR statements (see Figure V-22) to obtain 0 (x,9. Step (1)
requires him to obtain or enter the correlation matrix. -In this

example the correlation matrix of order 8 by 8 was entered, from the

Sconsole, into the worksheet, starting in location (1,1) following the

command READ 1***8 . Thus the raw data would appear in two adjacent

sections of the worksheet, Figures V-17 and V-18. It is useful to

chock input data before further calculations are performed. In this

ezexample, an error was found in row 7. To correct this error it was

4 necessary only to type ROW 7 on tho console (since control is still in

the RHAD mode) and thou to enter the cor ctod row as illustrated in

Figure V-19. During discussions with students, it was discovered that
they had somo difficulty ontorint the data. O.ne problam is caused,,
of course, by a lack of typing skill. which again shows that a minimum

typing facility is necessary for all interactive work with a computor.
Mnother cwmn problem occurred whon a student attempted to onter a row

of data before the cuo was given (ROW N); such data will be lost.

Instop (2) wefinzd R an
zz Yy

MINVERT RZZ 4,4 2,2 10.1
SI4IVT RYY 101 3,3 13,1

I. -.
I . ." ,
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01lTr~UTT PREA
XRHr.FY ?T Iq

SC L ULU MNS
1 4 S1 1.. 0000l 0.690000 t'1.~iAfi . ; .lfl 0.26•,.0 0 0 301•

0 ,M"O I .00CCO 0.) -. f.lr 0.2" l00 0.200000
3 0.5b6u0o 0.65500C 1.000011, --0,.255-00 0.146000
4 .:'FT 00G 0.26,OGrG Ut'-.5bOlJ0 i .00000 0o39!1000
S 0.205000 O.?.Ol00 0 004fnlOn¶ 0.39tUlooq 1.O000
6 0.421000 0.397000 0.386000' 0.321000 0.162000
7 0-.$:'Coo3 0.30C.10 0.•520-3 Q.3"0'30.30 0.230CoC
"0 0.376000 0.349000 0o.....0 0.40B0U0 0.303000
9 0.0 0.0 0.1 0.0 0.0

10 03.0 0.0 fb: .0 0.0
I1 0.0 0.0 fiJ 0.0 0.0
12 0.0 0.0 ff ,.0 0.0
!13 0.0 C.O U,01 0.0 0.0
14 0.0 0.0 , .O 0.19 0.0
15 0.0 0.0 (IA 0-1) 0.0
is 0.0 0.0 011.1 0.0 0.0
I17 0.0 0.0 D3J1 0.0 0.0
is3 C-0 0.0 0.Iflf 0.0
19 0.0 0.0 0.0 0.,J 0.0
20 0.0 0.0 0.1 ,".0 0.021 0.0 0.0 0.0 t,•.0 0.0

* 22 0.0 0.0 0-0 C;.0 0.0
23 C.J 0.0 O.C C.O C.0
24 0.0 0.0 n.0 0.0 0.0
25 0.0 00 ..0 0.0 0.0
CG2 0.I 0,0 0.r) 0o.f 0.0
27 0.0 0.0 0.0 0 -.3 0.0
•08 0.0 0.0 0 " . 1. 0.0
2 0.0 0.0 00. .0 0.0
30 0.0 0.0 0,01 0.0 0.0
31 0.0 0.0 0.X 0.0 0.0
32 0.0 0.0 n.( f.0 0.0
33 0.0 0.0 V.,o C.O 0.0
34 0.0 0.0 0;.r 0.0 0.0
35 U.1 .-0 0.1 0.0
3S 0.0 0.0 n.1 ,.04 0.0
37 0.0 0.0 11.rj (1.0 0.0
s3o OC 0.0 r).1 0.0 0.0
40 0.0 0.0 . C.0 0.0"

v. L P Y ;%Mc'I

K---Li------I;::
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OUTPU AREA
NORKSHEET PART 2

.• COLUI1NS
6 7 8 9 104 I 0.421000 0.35Joo0 0.376000 0.0 0.0

2 0 .3970:0 0.300000 0.349000 0.0 0.03 0..0000 0.252000 0.30P000 0.0 0.0
0.321000 0.370000 0.,08000 0.0 0.0

5 0.126200 0.23GOO0 0.303000 0.0 0.0! 6 1.0o00o 0.63:000 C.642000 0.0 0.0
7 0.611000 D.•C42000 0.• 42000 0 .0 0 0O
80.642000 0.576000 1 .00000 0.00 0.0

0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0

S14 0.0 0.0 0.0 O.C 0.0
i5 0.0 0.0 0.0 3.0 0.0
16 0.0 0.0 0.0 0.0 C.0
17 0.0 0.0 0.0 O.C 0.0
18 0.0 0.0 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0 0.0
20 0.0 0.0 0.0 0.0 0.0
21 0.0 0.0 0.0 0.0 0.0
22 0.0 0.0 0.0 0.0 0.0
`3 0.0 0.0 0.0 0.0 0.0

S24 0.0 0.0 0.0 0.0 0.0
25 0.0 0.0 0.0 . 0.0 0.0
25 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 O.0 0.0
28 0.0 0.0 0.0 0.0 0.0
29 0.0 0.0 0.0 0.0 0.0
s0 0.0 0.0 0.0 0.0 0.0
31 0.0 0.0 0.0 0.0 0.0
32 0.0 0.0 0.0 0.0 0.0
33 0.0 0.0 00 0.0 0.0
34 0.0 0.0 0.0 0.0 0.0
35 0.0 0.0 0.0 0.0 00
36 0.0 0.0 0.0 0.0 0.0
37 0.0 0.0 0.0 0.0 0.0
38 0.0 0.0 0.0 0.0 0.0
S3 0.0 0.0 o.0 0.0 0.0
40 0.0 0.0 0.0 0.0 0.0

REPLY AREA'

I

.4

Figure V-18

Vorkshoot aftor entering corrolatiowm matrix

'.. .. . .. . . ..-. ..; .. .- . .
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OUTPUT RREA
-I, IF THE SCREEN BECOMES FULL AN ALRRM WILL SOUNO. WmEN Y3U WANT TO 6cc

lTHE NEXT SECTION OF YOUR PROGR9fl, PRESS KEY 2.

ERPSE
READ I Non 8
2 .69 .595 .26 .165 .421 .35 .376
.69 2 .655 .2835 .2 .397 .3 .349
.596 .65$ 1 .255 .248 .380 .252 .329
.26 .285 .255 ; .398 .321 .37 .408
-.165 .2 .246 .398 2 .162 .236 .303
.421 .397 .386 .321 .162 1 .611 .642
.35 .3 .252 .37 .236 .651 .642
.376 .349 .329 .408 .303 .642 .576 1
ROW 71
.35 .3 .252 .37 .236 .61) 2 .576
ROW as

REPLY ARCA

it

figur. V-19

,. r Chaiging the row' counter while ontori.ag data

-ItI
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MINVE.T is the matrix inversion command. RZZ and RYY are comments

innrted as aids in following the logic. Note that the lower right-

hand partition of R is RZ. This partition starts in coordinate (4,4).

The first two arguments of the command indicate the upper left-hand

corner of the matrix tu be inverted; the third and fourth arguments

contain the dimensions of the matrix and the last two arguments specify

the upper left-hand corner of the resulting matrix.
_I

Step (3) requires the calculation of RyRZYS However, in this

example this result is not necessary since only the canonical corre-

lation is desired. Therefore, the student would proceed directly to

step (4) in which he obtains Rz R R This result can be obtained
zy yy Thsrsltcn otie

in one statement by using a special matrix command as follows:

4M(XAXI) 13,1 3s3 4,1 2s3 17s1

This comand can be used to obtain the matrix product XAXI, The first

four argumonts indicate the location and size of A, while arguments S

through 8 indicate the location and size of X. The last two arguments -

are used to indicate the worksheet location of the result.

Step (5) is porfoomed as a matrix multiplication, using the result

• in (4), by entering the command

UWLT 10,1 2,2,17,1 2$2 20,1

vhoro the first four arguments dofino tho first matrix and the second

foi'" defino the second matrix used •n the matrix multiplication. As

Wefore the last two argumcts indicate where the result is to be stored.

F iguro V-20 showse the Tosults• of the preceding commands. At the

"time this illustration was run, oigonvaluo and ongonvoctor routines had

f
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OUTPUT AREA

WORKSHEET PART 3

S12 3 4 5
3! 1.01'°°° 0.6900o 0.5;6000 o.2coooo 0.0oco2 D.9oooo 1. •;.000 0o.6,5500o o.195sno 0.20000D

S3 0.596000 0.855000 1 .00000 02115000 0.1!46000
4 0.260000 0..D95000 0255000 I.000;Co C.:IsOBou
5 0.165000 O.2OpOO0 0.246000 0.3980,0 1 .00000S6 0.4Z,1000 0.3-M0U 0.3SG000 0.321]000 0 •1] (000
7 0.350000 0.30VO00 0.252000 0.370Co0 0.2366000
B 0.376000 0.349000 0.329000 0.408000 0.303000

2.9 0.D 0.0 0-0 0.0 0.0
30 •.6180822 .- 0.47292!1 0.3 0.0 0.0
S131 -0.472911 I.M C•0 0.0 D.0
12 0.0 0.0 0.0 0.0 0.0
13 2.05104 -1.07628 -0.517452 1 0.03 4 -3.07629 2.31617 -0.075G27 0.0 0.0
35 -0.517452 -0.075627 1U14 0. 0.0
3 06.0 0.0 0.0 0.0 0.037 0.937622E-01 0.609906E-01 O.0 0.0 000
38 0.609906E-01 0.414995E-01 0,.0 0.0 0.0
39 0.0 0.0 0.0 0.0 0.0
20 0,0256G7?E-O 0.528446E-0! 0.0 0.0 0.021 0.28129}0E-01- 0.204673E-01 0.0 DO, 0.0
22 0.00 0.0 O 0.0 DID
23 0.0 0.0 0.0 0.0 0.0,4 0,0 0.0 0•.0 C.O0 0.0

.0 .0 .0 0.0

2. 000 0.0 0O.
so? 0.0 .C X0.0 0.0 0.0-
33 09 t.0 0,0 o.0 0.1 0.0

S30 O.O c:.V O.OO. 0.0 001,7 33 0.0 0.0 0.0 0.0 0.0
:"34 0.0 0.0 (O.0 0.0 ý0.01
;•33 0.0 0.0O. 0.0 a D 0.0

ns 0.0 OO 'CI{•O 0.0 0.0
S37 0,0 0.0 0.0 0. 0-0

S 0-0 , 0X . 0.00,
:;:38O. 00 ,0 0.0 0,0

; 39 0.0 0 0.O Goo 0.0•.40 0.O ~ ..- 0.0 0,o O.0

S~~REPLY AREtR.

FAii:
i iNislgoo V-20

• " Workshoot after entering M•1LT 10#1 2.2-17.1 2,2 20,1
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not been incorporated, hence steps (6) and (7) had to be performed on

a desk calculator, an easy operation in this instance.

The advantages of having an interactive worksheet system are oven

more pronounced in the next phase of this assignment following the

introduction of the concept of canonical partial correlation. This

concept requires that the instructor explain the conditional variance-

covariance matrix through a discussion of conditional distributions.

This conditional variance-covariance matrix can be represented in
* -

general as E = . - EikE S, the covariance matrix for the i'th
1~ij i A kk jk#

and jIth sots with the k'th set partialed out. To obtain a canonical

partial correlation one needs only to replace the variance-covariance

matrices used in stops (1) through (7) above by the conditional variance-

covarianco matrices. This procedure can be outlined in the following

steps:

(is) Calculate It1 1  R - R R3133 1Y

(2a) Calculate R 2 2 - itR
22 2z 2 3 , 33 2 3 I

(3a) Calculate R V Ra
12 12- 1333 23'

(4a) Perform stops .() through (7) givon above.

Ai

These steps can be carried out using the followinig 014NITAB proced-
ure. In this oxample, students had to find tho canonical correlation

between sets y and z a-ter partialing out sot u. Thus, the first

statemnt would be

MINVERT RUU 6,6 3#3 23*1
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since R' is needed to obtain the conditional variance-covariance

matrices, This statement would be followed by

4M(XAX') 23,1 7,3 1,6 3,3 27$1

to obtain R u Ru R ,"

At this point the 8 by 8 correlation matrix is moved into the

-lower half of the worksheet (WMOVE 1,1 8-8 41,1) so that the subtrac-

tions can be carried out in the upper half. None of the students inter-

viewed moved the correlation matrix as is done here. They all stored

""RII R22 and RI2 whereverthey could within the first section of the

worksheut. All of the students also kept all res, Ls, both intermediate

and final, within the first section of the worksheet, replacing earlier

results. The transfer of the original correlation matrix to a new

region, and the subsequent construction of the conditional covariance

matrices into the field of the original correlation matrix, made the

calculation of canonical-partial correlation identical to that of the

canonical correlation. The students, in not following this procedure,

were required to re-structure the coordinates of the matrices needed in

intermediate calculations.

As a consequence of moving the correlation matrix, the canonical

partial correlation can now be o6tained by repeating the commands used

earlier to obtain the canonical correlation. It may be of interest to

note that the facility for repeatedly exocuting a sequence of commands

is availablu in the batch version of OMNITAB. This feature was not

incorporated within the interactive version because problems which

require extensive repetition of a section of code should be performed

in the b, ';ch mode.

yi 3 3. |
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Step (la) is completed by entering the command

z !MSUB 1,1 3,3 27,1 3,3 1,1

Step (2a) requires the same sequence of commands as wore required for

step (la) and thus can be entered very quickly as follows:
- -•

M(XAXt) 23,1 3,3 4,6 2,3 31,1
MSUI 4,4 2,2 31,1 2,2 4,4 '

To obtain R the command M(XAX') must be replaced by a pair of MMULT
zy

commands.

MMULT 23,1 2,3 6,1 3,3 34,1
MMULT 4,6 2,3 34,1 3,3 38,1
MSUB 4,1 2,3 38,1 2,3 4,1

To perform step (4a), it is necessary only to repeat the steps

required earlier to obtain the canonical correlation.

MINVERT RZZSTAR 4,4 2,2 10,1
14INVERT RYYSTAR 1,1 3,3 13,1
M(XAX') 13,1 3,3 4,1 2,3 17,1
MMULT 10,1 2,2 17,1 2,2 20,1

These results can be seen in Figure V-21. From these results the

canonical partial co -olation can be easily obtained.

This example illustrates-the advantage to be gained in certain

classes through the use of OMNITAB. Figure V-22 shows a listing of

the complete set of commands used in this example. The program was

relatively easy to write and was written in a much shorter period of

time than would have been required to obtain the same results using

calculators or computer programs.

.s igure V-23 shows the approach of a student who followed a

slightly different procedure. 'His comment after the session was that,

i "unfamiliarity presented a slight problem at first but after executing

S~several commands I became familiar with the operations and then had no
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r..*-..--.*OUTPUJT AKR~i

I. OiKS11ECT PARIT I

.5C 1 1 ~. U M NS 1
123 4

1 0.797481 0.502997 0.419861 0.260000 0.165000
2 0.502997 0.825941 0.489212 0.265000 0.200000
3$ 0.419961 0.489212 0.8390n4Z 0) .1ýt, 0 .140"'10
4 C.7692!F0E-01 0.119782 0.305001 0.890fSQ3 0.2630157
5 0.531'SC5E-O1 0.100141 0.57l3&64E-01 0 -"0:;87 0 -b-65U8
0 0.421000 0.397000 0.396000 . 0.321000 0.162000
7 0415(0000 D.30CnO 000-.) .20 0 O.J70000 0.113coo
8 '0.370000 0.349000 0.523300 0.4013000 0.303000
9 0.0 0.0 0.0 0.0 0.0

10 1-37M0 -0.4026,18 C.0'- 0 0.0
11-0.40260t3 1.23i352 0.0 0.0 0.0

12 . .0.0 C.0 0.0
13 2.15462 -1.02917 -0.477773 0.0 .0.0

34 -1.02917 2.34034 -0.848953 0.0 0.0
*115 -0.477773 -0-8489-53 1.92453 0.0 0.0

300.0 C.0 0.0 C.0 0.0
17 0.19507SE-VI 0.144433E-01 0.0 0.0 0.0
38 0.144483E-g1 0.122Z652E-C1 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0 0.0
20 0-20947SE-01 0.34884SE-01 0.0 0.0 0.0

220.~29--2C.9313613 -D2 0.0 0.O. 0.0
22 0.0 0.0 0.0 0.0 0.0
23 1 9~3 -0.720831 -0.SGG833 C-0 0.0
24 -0-72C831 1 .756,70 -0.54SOU17 0.0 0.0
~-G-861:'03 -C.54SiCSG 3 .8 112 -1. 0.0 0.0

25 0.0 0.0. 0.0 00.00
27 0.202519 0.187CC3 0.176139 0.0 0.0

280.87P1 .374r59 i.1 3657s 0.0 0.0
2.4 0.17C133 0 1. 65*Th!U 0 - 5",03 5b 0.0 0.0

31 C-195947 0.250923 1)C 0.0 0.0
32 0.134913 0.103442 0.0 0.0 0.0
3 j 0.0 .00.0 C-0 C0.
34 0.C02489 0.274009 f1.3C3979 C.0 0.0

30.20491.9 C.4G"C59C-?1 .-0.16?'n3qr-Ct ,,.3 .
36 0.1470483 C-14'4741 t'.343i7?7 0.0CC
3'2 0.0 C.0 C0.0
3b 0.1830,74 C-1562.1 0.34XI99 01.03-
39 0.111839 c.s~bsa,2c-ci r.bs3G3E-c1 C - C-0

40.00 0.0 0.0 0.0 (b.0

REPLY ARtEA

Figure V-21

Worksheet after-entezring MMULT 10,,1 202- 17,01 202 20,,1

THIS IS FSTAft
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IF THE SCREEN BECOMES FULL RN R!.Rfl HILL SOUND. WHEN YOU iWRNT TO SEtfiE NECXT SECTION OF YOUR PROGRRA. PRES3 KEY 2.

REAq'.! I= *a 9ER S.S .26 .16i .421 .35 .376

.C.0 1 .655 .285 .2 .397 .3 .349
•596 .655 .-255 .146 .386 .252 .329
.26 .295 .255 1 .398 .321 .37 ,408
.16S .2 .146 .398 1 .162 .236 .303
.421 .397 .386 .321 .162 1 .611 .642
.3J .3 .232 .37 .230 .611 .64Z
.376 .349 .329 .408 .303 .642 .5116 1

.35 .3 .252 .37 .236 .611 1 .576
MaNVERT RZZ 4.4 2.2 10.1
HINV0RT RYY 1.1 3.3 23.1
n!':,X1: 13.1 3.3 4.1 1.3 17?, $RZYxRYYINVE9S•xRZYPRiE
I'U_.T 10,2 2.? 17,1 2.2 20*.1
flINiVERT RUU 6.6 3.3 23.1
11VVX') 23.1 3.3 1.6 3.3 "7;I
r,.-:OVE 1,. 8.8 40,11
tla"3VE 1.1 8.8 41o11
iS1UB 1.1 3.3 27.1 3,3 ).1 RYYSTRR
lXRX') 23.1 3.3 4.6 2.3 31.1
I1SUB 4,4 2.2 31.1 2,2 4.4 ' zZSTf1R
se.U'T 2,3,1 3.3 6,1 3.3 34.1

tIMULT 4.6 2.3 34.1 3.3 3.,1
t1SUa 4.1 2.3 38.1 2.3 4,1
rt!:.'E2T RZSTRR 4.4 2.2 10.1

,,,.~.,T rYYSTfR 1.) 3.3 33.1
fl.X;'2) 13.2 3,3 4.1 2.3 17.1
fIIIULT 10,1 2,2 17.1 2,2 20,1 THIS 16 FST•R.JIERDY

REPLY AiREA

C'I

Figure V-22

Conunands used £or correlation example

I
V
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MINVERT 4 4 2 2 10 1

MINVERT 11 3 313 1

M(XAX') 13 133 41 2 317 1
NMULT 10 122171 2 220 1

MINVERT 6 6 3323 1
M(XAXI) 231 33 1 63 327 1
MMOVE 11 3 331 1

MSUB 31 1 3327 1 3331 1

M(XAXI) 23 133 46 2 310 4

*MSUB 4 42 210 4 2213 4

MMULT 4 62 323 13 335 1
MTANS 1 63 338 1

MMULT 351 2 338 13 335 1

MSUB 4 135 12 335 1

MINVERT 31 1 3327 1

IiM(XAXI) 27 1 3335 12 317 3
MINVERT 13 4 2 2 20 4

?44ULT 204 2 217 32 230 4

Figure V-23

A second approach to tho correlation example
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difficulty." Another student who had had some experience with the

batch version at Iowa State, expressed a preference for the Interactive

OMWITAB version because he "saw all results right away." Since this

was the very purpose of the development of our interactive version,

this comment seems to indicate that some measure of success has been

achieved.

A

11

Il
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SUBROUTINE fiRROS AMDR I
3.ECOHMO ISS .Rnan3lVdILA 2

C AAiRO 4
C THIS SUBRnOUTINIE CSSBEIBLES Al "WUISER fROH A STRING, OF DIOITS. RAAHD 3
c ht INITIAlLLY POINTS flT Tle rIRS3T DIG;T. IT IS LEFT POMINTIN AT MIAWl~ I

C FIRST CIMREACTERl AMRT? THLE ;IUftFEt THE VALUE OF TilE NWJIGISE 18 ARO, 7
C RETUMIC0III IN ALNG. FIiiiG IS USED TO INDICATE THlE TYPE OF NUII'IER. PANG a
C KARG A - FLaflTINO POINT FARG 9
16 1KA30 0 - 11NTEGER FABR 10
C XARO, = -1 EMR~O AMR 1)

AR0O-~RBOfth) ROR 322
$10 %jARDO is

4EN~0AMR 241
I)FZPO BORG 36

qx mI BBRIO 1e
C LOON BOcK ron lftiUS SlON M401017 OECCUIL POINIT Wf'o 19
c AROR 20

* rIV(Hth-K?)0O TO 30 AflRG 22
X.ARGm3 BAOR 23

* IIEXF=1 ARVRO 24
W~AR0I 112) PA30 28

3f, MX' ,63150 Z1 RAM 27
ft~~AiD~l)RA10 27
IV~KOE.)~0O O 39930~ 29

IE)C~ICl' tO~i B.RC 82

45 To 20 BARNO 33.
30 Ir(RXe4C.37 00 ifl 60 AQID 34

C ~ IftWO1.00 roin 40t AMP0 37

C ARO 36

40 KBSWM.I AMfl 41

CO AiM 42

V(I 3. 0111f) 4U

soIrt k -fr 14- 3 (16 10.1 4 anm 4

axsD -a

Mttolv4 F -1 A44
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So KfRM~I) AHRR 68

KhfPRD11 AAIRD Be

57 I#I.T. 10 1300 TO 70 nRRO 60

C 
AMR el

C POI4C 91TtI faihtVCiHT fin1i 62

10o 1ViI~fliRO.SC#O3OO TO 120 EAARG 64

1v(KE0P.L.101 00 TO 110 flARO, as

110 AiiO=810 ImflG WIND C3

12C IEXP IXS * A~ EeARG 10
Mofst 1EXP I AO7

3VIfOC1~.IEPJ0.?J00 T0 130 IiARG 71

IN1 ICCp 3 123. 110. 120 SORfG 12

123 1i3t0 = G A 30 0. on .JEXP AARO~ 713
00 TO 110 AARR IS4

120 Pr(O 'aIR( 10. us %iexe AmR 7c
Go to iioAf0l

130 CALL EPRiO~t1 102 3IfRGR is

00 T0 110 ARNO to9j
DoKG~

A
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SUBROUj'TINE SOtREM3 I. ,J J AORC I
COflhO3 I GLOW1~ r4CrOI MEOR .2
COW3O s' BLOCKI~ sGCR . ~~C8JINIO~l0AO5)NR~ IIE 3

THSSBnTC COLCUULrEC ,id AMErSS or RgOU11EtT to ACRE 5
C If (1ROUIIENT I IS fl FLOAlTING MOINT gVIMU~i* J =- (I * 2400 1.APHE 7
C THAnT IS, %J 13 fliE uCArI3N Of flR31J1I'Z 1 114 FTH ARRAY A~C. qJAE 0
C IF A110UIENT I IS AOi ILLELM*L COLIM N UhdCAz THEN 4 = Do 11OIR 9
C IF flaolitet~ 1 16 A~ LEGflL COLUM'i tNUhdEX. rHcEi JI %,o~s o0E r Of in~ ME 3
C CoI.*irN INI alC.EI

Zft RIUM I ) -Ea- 0 ) DO TO 10 FIORE 12
C rTHC 2403 IS rTE StM OF rTHE .iOMiEr RiOBE 13

j *1& I + 2400)1 ACRE 14
00 To 3i0 RORE is

10 IF9 1113MOS I I -GC* 1 .9010. 1114~06tI I - LC H..ICOL 1 00 TO 20 FIO1RE to
j = ACRKE 17
01 To O '30 Iia is

20 . 1 = ( r11114CTOP-i3 t I AB3SAZ-1 I * 4CTO? ROBE~ is
30 89TUR11 AMd 20

Eli 2 AMCI~ 21
SUDACUTw2E AERR 1) R I

C ThIS MtI)flQUTIN I$ USE0 TO PRINT~ OUT ERR~th KMOCSna 1~1HER 1i~fil 3
C (IRITMiETIC CR30rtS OCCUR,. 1 1.1 USEO TO DETEXHNCt 11IEIGI ttESflOE AERR 4
C IS TO OC VI~RNTEO (iERR 6

CflLL G0INUM) eACtR 7

201 CALL 0.bIL't 'iE.4ClTJV i'i .UtJiU TO M TU Ott LO..3..1HER 0
Do 50 200 AEI4R 10

t20 MI~. OW3M."Y 'EVALUAlTION OF EXPOSENET PRODUCE& OVCRI'L00 Oft UNCEh1VLOMICIf(LU 1
I '413#4531 $SERA 12
Go to 200o hERR 1.$

203 CfLL MMr"00 ARGUMOET OUT Of 000008O TO 111VEf(5C FUlICTZOI4's42.45 AMj UR 14
00 Ti) '100 AMRt 15

904 30L1. 0OteLY1 'ARGUMtENT WE0c9o -30UUUD0 Of ril£QONHETRIc NTV ruc so AER P Isi
1 45s.~,.i3) RlEM~ 17

00 to too AWe( 10
M0 CAL.L CAN LY('OIVISOJ" OY 2ER0.'*1746) AMR 19
200 COLL 030tL1 ZW0 RTJUMO-14,S..551 REAR 20
65 flCTUR1 ARN 21
107 CALL 0i)PLY0'.11THIIN 10 WIICRLY1 I SSU,1131,27#W hIEI C22

CA'LL OstIWLYI' .sloSI £inftf 23
MUM iWIR 24

2E~ 3
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00 TO 400 AMu so
* 405 RCt )Ih. - AIT s6

CAnLL. 30o8110os3 PRUT 87
408 11 t I! # KKC I I ARIT 58
410 12 u 12 * KKI Z) ARIT so

00 TO 10 RIR? 60 s
$00 00 510 1 13, JJ ARIT 81

a C I I ) VEX?2( RCt ). KCI 12)) I2ltTMI 62,l =1 1 Xo. IX I I A R I T 6 3 i

NO I1 12. I% t( 2) ARIT 64
00 TO to ARIT 05

600 00 610 1 1 14, Jj AR/T 66
1CI! )II = RN I aC( 11 JR AC(1 ) ) 1 C( 13 3 ARST 67
11 11 * # K( I) IlRIT 68
12 $2 9 XK( ? 2 ARIt 60

61013 13O v• W 3O ARII 70

700 C0 710 1 z 14, ,. ARIT 72
RNC I iu RCt I ) ,+93 11 )-aCt 123 )uRCi 133 MINST 73
13 ? 11 + KK1 1 3 ARIT 74
12 12 # KK( 2 ARIT 75

".10 13 +..13 11• -•3 1 ARIT 76
DO T10 A3il I s , RtT 77

ONCC I C I ) I eaCt 14 a iCt 12 J 1 w 1CC 53 1 ARmf '79
11 -_ 1.fl¶ I 3 9RIT 80
12 u 12 . ItIt( 2) iRIV 81

00 3 = 13 #, WiL3) f1RIT 182
00 to 0GRT 03 8•

800 OUID10 1S 14. JJ PI T 84 D
act 1 3l RC( I Hic 41 , |Rfct 12 1 IAct 13) AME OU
.im) r It 9 hi) AflT 80 1-T
It 12 4,K( 2) lFRIT 97

810 13 • 13, I • ) 00E! 8
O0 t0 10 ARmT o00

"10001 00 1010 1 = 14. J 511SFr sio
RC0(1 ) •I( I )1 Act 13 I wV XP2( It CE) lG 112 1 1 IRReIT 41
i. 1) I . RM 1 3 ARt5 2.12 129 4I4t 2) 1iRY.' 03

""0100 13 1 13 M K 3I 3) PUTr 84
00 TOI 101. 95
cIoo13* 08

,.

.!-•~ ~ Z•~+,
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GU0M6tiTINE SRhYVEC ARVY I
I iO * ~ ~ .N~t:VE .rLAO ~V

I IIROI4.NCL.NIICIOO.VWXYV5) PRRV' S
C(InhtlO:/nJ,;?,Eir4MEC43.LI.L2.16R71., AiYY 6
COe1OISOCRAfT/Ml 00) ArMY I

C nuns* AI
C rTWO SUB11JUTZIVE 16 CALLED IN RESPO:4SE TO THE COdlMhl0 R&VY a
C h(flVJ - Z ARtYY 10
C 110'(1f) -L207 ARYV 21

C CIIECR rOR CORRECT MUCKE 0F wo uHEc rs M~y 13
C babes fl;YV 14

Irli~~tC6.liO1fu~. 007~o TO 10 AMvr Is
C *US1AgYV 10
C CHIECK TO GEE IF AiLL fllOUMTlSt AREC INTCEX93 UbYV 1*1
C &%as% ARYV is

jzuNflRo3 flR~V 19
CALL CXIPIOJ) na!vy 20
5V(J.8E.O) 03 TO 470 Au1YV 21

C %DU% nayV 22
C ca"PIJTe AOIREGGE.O1 or C0LUMN6 AND ORVV 23
c CHIECK TO 3iEI IF D~iU~O~iW M4E OUr Of RflX0E AXYV 24
C, .loupm nav.y 25

CALL RDHEM5u.I13P) AflVV 116
IV(JoP.E0.0) 04) YeS it AMqY 27
IMIG 07 00 TO 450 fiRVV 20

nav~y 29
1V1L2MMG6 00 TO 440 AfVYV 30

£FZ3L4~Jt.T8)00 TO 470 f*V32
A 0) TO 4(10 ARYV 33

440 COLL PNESS(644 pa"y 34
1Vi 0.01',O 00 (0 11OlYS

00 TO ifift AMR 36
460 lAP*(J1X ,-C.M0) - I4V 37

11JV013Y 7 nlrvva
Il1W~(fl11 IIVV 40

J4 itlYV 42
00CALL hThC;;M(d) AllY 4

400 CAL 4t1tl) 10 00 MV 54

.FN~sI01 j~lv PNYs
I A I 30.1 I)A-qV Is
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JP=IflROS(4) ARYV 55

IA02=1 ATYV 57
00 TO 600 FRTY 68

640 IA01Z1 MRy 6
1A0:?IWWARTY 00

jrZPaJAWt30) ARTY 01
000 00 740 z=I*LP iniYV 62

L0-0PARYV 03
I C~ CARTY 04

c()o 00. 1j ARTY G5
00~M 00 71J

ARTY 60
080 Ingluti. ARTY 09

ARTY 70
140 CONTINUE ARTY 71
C Aua RTV 72
t STORE MIIEULTS LUIIIORKGUOECT ARTY 73
C DS ARTY 74

00 coo i1=14P ARTY 75

ARVY 77

000 CONITINiUE ARTY is
RETURN AMIT 79

to CALL EItuc01ll1) AMT 80
RETUR11 Ri3YV 0

11 CALL E~R903M1) navy ot
-RETURN~~~v v
noW AV, 04
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GUMOUTINE A3TCR~ P.STE ICK:'r 'bcC~ui/troo0 .f.OKA,'ot 77)3 .ftflltG#AAG*RG2sN&11C0( 13) hIROEN0 ASTE 2I OHM= 103.S 1. 6fldN*MlVE.NFLjAG A 1TE c S
OZ~SI.i fflfC2)ASTE 4C TIIIG Mu'UROUTINE IS CALLED RHEN ASTERJS!I5 ARE FOUND IN THE INPUT AIITE 6C LIINr. N11RG 16 L'SED HS n coue ren1 00TH INPUT ANID OUTPUT. RSTE 6C AS 11IPUT Xr3Gli- SINCLE ATERISK ASTE 7c - OGUBtL A5TE31SIK3. AWTE 0C AS OUTPUT KAfRe'=1 MIMIRO ASTE 9c KfRn', -2 FLC,*,TltG POINT CONSTANT ASTE 10C l1RG1- ITEOVR VAR1IABLE ASYE 11C KflRr,-4 - FLOflTIr POINT VORIARLE JISTE ItC KARG=5 - Ut3931irT ENTRY TO 8iZ U3EO AS AN INITEGER ASTE 13C Mi&C106 - l4*ARiUNlT ENTRY TO liE UU3EO AS A FLOATINI) ASTE 14C POINT I4UMO~ER ASTE 15C KARC-0 - ASTERIZ3AS 114O1CATIJIG TIHiOUOII JSTE 10

C WSE 17
ASTE 10l(ONOHLAM I)TE1

to IF(KeNE.4010O TO 20 ASTE 20
C R LORD LINE OF ASTERIGM6 FOUND ASTE 22

AST 23
MR=7AMT 24

EISTE 2

20 TO 009 e 201FMtG.O-10100 TO UO ASTE 20C ASTE 30c EMBER 16 FIROT NO11-GLAN( CHRCCROE CHAATE 31
c AST 32Wu.43 ASTE as

30 CALL AARGS SE 41rgfIRGROuE0) flU TO M0 ASTr 35irt 1AIMOLAfl. I) -EU.U) lilt 11-jO)40#43*40 AMT 3000 to 033 M1~e 37
40 h + I STE soirit.a'auLM I )*.CC4O)00 TO 003 flUTE 30C paUte 40C GET It. IWTEUICM ASTC 41c MlUE 42

N~4 flTE 43
ThWGASTE 44Ila to so ASTE 4546 AR0U21-M:01 'ASTE 40KMatt AM5 40

GO To 100 flOW 49
c LET TERl rouno rim3 AS1W 61 A

So CALL NINtf~EMMIfMt) Asti! 5SCALL MIlCV114U4WI1)) OttC 64

A
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irtsRo.E mo,)o To co ROTE 55
C ROSTE 50
C PHYGICAL CON41E1NT FOUNO# 6eT KAJRO I AM8T 57
C ASTE 50

IF(L.EO.11 00 TO 00 AMGT* 60
GO TO M$ ASTE 61

C AMT 02
C f4RfE HOT IN PIIYSIU.L coMMIsr LIST* TRY VAlRIABLE LIOT ROTE 03
C fiSTE 64
00 CALL VARCO'uNANtcI) RO~TE 05

iripmo.ijiE.0.)0 To so ASTE 66
CA~LL ERRlONG) AS9TE 67

70 KAIRGul (STE 60
RETW~iN W~E 69

00 hloflt1 ASIC 70
00 I1tNOMBL$UI)4E.403GO TO 090 I1STE 71

100 H=:11. flSTE 72
C A1ST 73
C CHEiCK THAIT THE OME1R OF ASTERU$S AT THlE E140 OF TIM~ EXPRICS610,1 ASTlE 74

C 6 LO C Sit AW A3 AT THE UE01110tuiO -4 I~WO1C.183*ll),N 1I3TC 75
'1 AS16 110HEN

IV(LtI~O)R(O~l)-4lh1Q.91O~0 RTC 77
IN ~R(OIH) -1C 40 03I.*ohlMb1)1CgQ.40 0o to Sao ElSIE 70

110 UfiR04tifhlGL ASTE 00
120 fiETU~M ATE at
OW CALL EPROMl) AGTE 02

Go0T 1070 0
ENO ROTE 04
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F3LOCK OIITA BLOC 1
COMMnON / LOC1XV /NCTO? BILOC 2

IONZl~Cust l9ss) ORSVE01163VES11TLAG BLOC 4
C0)IflO.11/PCOIW.'T/PC 2) .11(2) BLOC 6
COMMON / ElLOCXO / RCC2439),IARG(69).ftU4O (39)1flGTfL0(5l).N11flfXs BLOC 0

I HROUof1COLN0RlfS, VIXYZ15) BLOC 7
C1hMCI~!/t3LtCKE/ttfht1E(4G 1 11 .2 *IWIFLO BLOC 0

C0He;IKPLT/1ali ~ c~iz~ S~fCCBLOC 9
* I C010i;i/C0NSTS/P £ .E.tIRLFPI' .aLnG B111 LOC 10

C LOUC It
C T"IS B3LOCK ocrines tFRTliIII CONSrtTANT HNtCki 6ERVE DIFFERVIT BILOC 12
C FUNCTION~S IN THIS SYSTflI. BLOC 1$
r, BLOC 14

DRqTfl FI.E*tI1LFPZ .aEO.Rq0/3I.141593.2.7165282 BLOC is
1 1 47079I.0.017433?9*137.29I570/ BLOC 16
DATA B LOC 17

* 01T1 IlUDARE V!1~5) .I 31V E s NXIVE o VFL111/1 .74.0.26.0/o.NCTOP/1 / .1/01 VLOC 10
VITO U13A.ttN1CL0O.O.FRc0SZ.PC01..../(LOC 10
ENFI BLOC 20
$URUi10TINEC t1W1E .1CH1AN I2
lotleLcust ~f CIIA1~4 3

C0111103 / iW.LOCI0/fC5)1~)KU~O6g.~t CHORl 4

T01 TNUInRmOUTIN C~11t$O4EG SUINS 017 ELEtWT nII COLUnNN EPCIS it BYC1 A" 7
C THIE COltIMIIDl cl~iUoE * CHAfN a

IMIARlf1Q.LT.11 ICO TO 310 tof~ 1
COiLL ChlCOUtZI 1
ir(x.ec.1) 00 TO 809 P"1

1FNRId*Lol 00 TO 000 C14011 is
CALL. FLUA CHAfN 14
1rWINLAOX0~413 ET0UM cling to

DO 20 Ia~
00 =0 Nt- tlfl CHAP 19

eaCOL etO 1 (10) C"111 14
0G O I)Mt~ lf~ 26

041M RL1,1114cI 4 9
Via, 2
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ChXC 4

c THE BEOUINNIZO RDORC63CB OF THIE 8?1EC1PAEO COLUANS Sh MENWKkICeIM 1

30£C Co~ TO19

20 34RS*r 0 O2 HC1

4 0 TO4 1 1
ENO0031mIsM83hm Is

CAL NSWN .NC 1.NflL OS t . I Y I I) CIN 14

30CNIU CHKC1N

C EOND. CIHl 18S2"UTN mull) KI Ii

C:WtI* OLCI CH1
C04I KOoClURE oWY13 K

c CHINS#

c THS SOR01YIE CEM TE frZO J RMIE"MIT RTURS J-O f CIN4



SUBROUTIN4E CO'tAND a) Capin I
01"Cg5SI1 tIHit203.4(ll:4 .TXI1.l 3GdZ4) Colin 2
EQUIVOLENCE (111 I)eefflMEt 11hN2Ca)PRDtES1137)i COMtA 3

C THIS GWaftUTiIIF. CAUGES R LIST OF AVAILABLE COPWAINDS TO C0111) 6
C BE DISPFOYE0ON~ THE 2250 SCREEN * COMIA a
c cutNA 7

DATA NI/AflOO'.' 'ARE.'fi '00'f6S0'e.L'TE%, COtA 9
114AC03'a' 1.1ACOS's COMA S
2 O0'.'41C'J$'.'l'.lACOT'. .AO1'''CO.'''ffO. 'ooRDEFCOIA 10

S~'TA8o 1ofl'CTSN!'*'D~'o 'CiANt oi' o'.R'CtI1X.5 ' v 'VC'&'A'.' A.C .E'.CO1 36

A'OL''ZRT''EW3''E' 'A~t'.'AUL'.frP'. ''EXA3't0'.'EXCO1,14 14
03%.) Itli/'O. 'AG' WR1.DIo DTIo". O'o Xt'ET Zs10CCOPtA 21

~~ 'LQO.'. W' '*'0T.EI.ICi).'' f~l'C.O'*''EC'o'COAA1 g3
OC06L*t0'. *0 .'OO' '0041 '*CT. 22CT'w10OH. tIUCA1

8se''SNt'1.' 's`FttD'. .L1tI,r ''z~l~t' * .St.'FI'* '06 A's' 11. 'Colin 20

OAT N~t'0AX COMtA 2(3

Dft''R0I 1 'w;zt? C 23

's410' .,111PdCO0) Coin~ 428
COMA to

901 52 ~UI ~A4

60~i 00 70ft aLUoC"A 34;g .'I9 06TZ0 IV~ VOA 1 V001,0'11CR
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300 LCULC2'IlGI6fC£)ColnA 55

301 F0RMI!TOUL24.2NI) C0O1A 57
CALIL rETCmitTO;T ofGrsitl 000 Colin s8
CALL GROPLUITEXTdmr4scF.0) ConnA 59

300 tILOCII:IlLOClI2 Co~ll Go
ZFltJLErT.ea,o) co To 500 CoinA of
tdLOCc)ILOCH Cohn 02
00 300 Z=11.tLCI Colin 63

"300~ N2U- I0jtLO,2IMOFSOII1)) Colin CIS
NL0NLETU2CONA 67

CALL FETClt(TVVT~tfCV.a0OO0) Cognf 69
* -CALL 0Gl0PLY(TtEXT-KN,&OD00 Colin '10

* . 00 CALL CRIWLY4 # ".164,0001 COW. 73
CALL PWROPLY1 'd.~1 sOOD) CflVO U

* CALL Ofl'JPLYP' '1,1410001 COlil 78
CALL. ORIT'LY11 014,41000) CevIF 74
CALL tWfREPLY11 1#.).UOOO C09A# 70

3000 atual)i~ I C01A 'Is
ENO~u flM
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SUORCtITINE DEFINE OC I1

I .t4EIUM0St 19 S'.) AM " .NSAVE#WII.faG CEPN a

DJ1ENION I l~z s)LM .1 CEF

CUMVLENCE(MIDM I .C12401)) VEFI 7
CONIIOU I COCKE/ VflflEI4) eLI1*L2 J OErI 8

C Eff 9
c THIS SUPSOUTIlIE IS CALLEO III ZACPONSE TO THlE COMM~"J DC~FIE* CEFI :0
C 0ZFI 21

S00TO10 0 lVer 32
CALL IERIWOM30) IEFI 13
RETURN DEFI 1*

MO0 COLL EVqROMtO) DEF) 18
MRIUN CEVI t0

220 MfLL ERR0O)1) Deft 17
RETURN DCVI 10

270 COLL ERROMlO) WX? 10
RlETURN (lEri 20

3 CALL. WORM~3 8EF 21
RETURN CE?) 22

30 392=I1W0113 0fVI 23
iK1E.IiU.I~R0, 0.4 0 TO0210 0'MV £4

t2c"403OW1e~ UrFi 2S
C pert q0
c CECK AIUCALULATE NORIICEET EflTP.V aUGATINJ 1010 L DEVI 27

CALL?3 ROMMA0,3O* OEFI 32

44(flt. l 210222 OEFI 30
*~t Sif lC4M9- U-CM 0I.0.RJL.. J0 TO 2701 OOM SP~ 35

40 -3 00#3E 401,80 00F 3
IIE.I 33

UD~er 34l0~I*

WiLti.LQ.) -t C *RJL.1(4J0AW O TO oivi 3S

00 C11-li 00 40
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00 CFLL VECTORtflRG8(1IL) V15
R~ETURN soF 5

90 Rt)RO( VEFS 57

RETW~l
END



......... ~~. ... ....

200

4U0ROUT1NE O1GFLYtu) 016? I

C THIS SUDB?0U71RE IS USED TO PRODUCE THE INITIAL. DISPL.AY 01,41? 9
C 0N THE 2250 MhEN EXECUTING AiN OHZ4ITAB FRDOlfiN1. 13161 4

CALL GOERAS('TC?0 FOM 18 DESONED TO ENACLX YOU TO UZE OflNITSiOISP I
I COMMMSO 41MITUD. '.72.tIOGOSci?

CALL 0!WPLIt T11R0U0 MiE TYPLiIUTER KEYHOMID DIRECTLY IN FRONT OF MP01 0
IYOU. TO S1OIAI ',72stI300) DIM? 10

CALL 0ORfWLYi 'C0?WtETI0,11 OF YOURA COMMHAND0 FIRST DEPR1ESS THE *ALT'. UOISP It
lE.AND UHN1LE '72041000) else' It

CALL 030MMY'1101.0111 IT 001114 DEPRlECS THlE '6' ftEY.'37,41000) cis? 13
CAL'. DROPLY(4 DIS.IP0 311 14
CALL OGL'PLY( AT liNY Tule YOU HAY LOOK AT THE MOR 8S EET BY PRECSMI~icOP 113

I ANY OF TIHELVE .012.410C0) 0318P' is
CALL 01OPLYtWOR00AMihE0 FUNCTIONI fEY84 ERCH KEY RILL CAUSE A 40 f0181' 17
SY 6 SECTION Of THlE ',410f30) 01is? 10

CALL GROPLYI 'IGRKSHL1ET TO lIM OISPLAYED, NEYS 4 THROU'rU 0 WILL 010013P 10
MPAY TfIC FIRST 40 '0)2#41,00) 013?' 20
CALL ORMPY1 'E0,1: 141T.1 NEY 4 DISPLAYING COLUM.U I TH, OUGH 0, NEY 5018F 21

I1S~.Yh~CL~'fdOO 0151' 92
C'ALL VROPLYIO THIROUCH SO# ETC* KEYS 10 THROUWN 13 HILL LIKEHISE V3151 23

WVISPLAlY TilE LAST 4,72,&1000) V161' 24
CALL ORD1'LY '40 0003-1', 0.43000) Map5 25
COLL GRUliLYt' '. 1.41000) 016? "a
CALL. DROPILY1 'IfITea SEEJNO 01 )MIITZCULRft GECTION YOU MAlY GEE W~I('TlERDJCP 27

I SECTIO3 fly 00726fSd000) 016? 2go
CALL OROP'"Y1 'PIRE8231NO IOTNIEH I(cy Olt YOU SIRy ENTER "OR~E O".14T.lla COMMO 20I IIIIIAUIOS THROU04J~ THlE '.72E,1O0) 018' so
CALL 030?)LY( 'TVR Tr KigYM130~4lhi..0.I0O) 0clop 31
CALL OaQL( '.#4.'000) 0181' 32
CALL OuII~t.YI 'DY P=11.110' TINZY 30 YOU HILL RETURN TO THIS DISPLAY. 0 3

CALL CROIMIY 'YM'l 11111 Ti4`111-VIT" THIS PROORIIH. DY !PIES6U11G XEY 3 101641a 83
IOU OJZLL VEJf. (V.4 TO Nor2111)015 30

CALL. (tROFIM E5 IM ))JV41-17 V? T11C 011I11TAU1 COMA,=lO CU11RCUZTLY AV11LOISSF 37
1fi3Lc* BYT fl5itMG) '.N.0 1,1, 1110) AM,,1 V6
CALL CORVSLY9 'I(Ey 2 YOU NI.LI. Of.1 A LIST or Tile OIVU1TAO COIISIAU)DO VdI1C*SP 59

AMS YOU jlrVý IN rfit.OU~' * 7" 1ilCLOO) 013p' 40
CALL &RPYT''GP4~~) 11 42

CflLL GRCMPlYI 'I. OA 00,1OL) 0 '4

COLL 030' 1.41000)MP4
1000 lIETUiIN I 0185 401.

Cli OND01W 47
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SUBROUTINE ECOINT Cool I
cogrnO's KEYIOVLY.ITYPE EdDI 2
ITYPE=2 goal S
CALL MOST Coal 4
RETURN coal SEND goal a
SUBROUTINE ERASE ERAS I
COIIHCDN1OX .~~~.lfl~.FA ERAS S
COHRtOa BLOCKjO i C~~~.0(~,10S)fRT~(:.~fX ERRS 4

C ERAS 6
C THIS SUBOUTIOfNE IS CAlLLEO IN RESPONSE TO THE CO"NJIRI ERAGE. ERAS 7

CALL CflIKCOLt I ERAS 8
£VI.Q..g~tf1RSEQO 0G TO SO ERAS 10

CALL E3303(3) ERRS *1
20 RETURN ERAS 12
80 CALL PLOKi CRAB is

VftNfLflO.CQ.I) IiETUl1N ERAS 14
IF( Nn~tOS .Eas 0 1 00 TO 50 CRAS 25
IF1NRhAx.ct2.O) 00 TO 20 CARS 36
00 40£ 1.=I HARA0 ERAS 27

40 CALL VECTOS( 0.. LASOSC I I ERAS so
00 TO 20 CARO Is

C Enna 20
C CLEAR ALL OF 01ENIttONNED MMRKONEET. ERAS 21

50 IfRtAX = HRO1 C, 1COL CRAB 23
CALL VECTORt 0.. 1 3 ERAS3 24
"iRI¶Ax = 0 tons 23
GO TO 20 ERAS8 20
CHO MRA 27
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SUCROUTIVE E!RROR( I I ER30 1
coMMigI / LOCftfl/W30E*fl.KfR0(77)sKflRG.ARtGs.AROZ,NECtIdC~S).KRWE £IARO I

CO 1O KCY#IOVLY. 1TYPC~Et~
C Eftlio a
c T1416 MROSUTIIIE IS USEG TO OEOSt.AY CR.10R KGME84loS Ento I
C 1 16 USED ToUO1CT INDCAE 3ClI IIESAGE 13 TO OE CG~i'LaYCO. cItto a
C LiHtO a

irtlIFLAG.10.1) 3ET'JRII Emito 10

lV(J4J1O) DO TO 200 ER9 tIO1
CALL OROFLY0 'sad4iOlO E isO1

1020 CPLL GCS(O IRO 14
CALL C.40PLYMECN~CO46,410f0) EBRJO 15
CALL GRtDPLfl' '. lo1000oO CRKiO le
IF(J.OT.O) 00 TO 400 COtRD 17
t$FLRA0= efitoto 1
00 TO (123450....O111,31.3.03.O39102.Z isJ 1

A Enno20
I£ALGOL HM O N ISN LINH810126s4£o00o EI1O 21

00 TO 60O00 ERtRO 23
3 CALL Off I'LflILLEORL AROUhlC4ti 044 C114O'.24.4L00) EnfO 24
4 C03TINUE EBRO 25
5 CO0fTZNUE CHRO as
0 CONtTItE CORD 27

DO TO Ui00O COROb 20
I CALL CROPLY('ILLEOAL arATehntipt17,41000) ERRO 28

00 TO UC'0O CORO 30
0 CALL 0.9P~LY(M'ONSTAOlT HOT III TROLE',21@410003 EBRO 31
00 TO 5000 CRRO 32

* CAILL 030PLY0 'UR1AX 0v 9.4)B000) fRRO 33
00 TO 6000l EiRO 34

10 CALL GIEWPY ILLEGAL HNUJIER OF ARGUIIENT8%27*S1000) ERRtO so
Go to uno ERRO 30

11 CALLi OtIOPLYt !COLWtN UUZWER TOO 010 OR LESS tiANMI 1 v37.41000) EBRO 37

12C~ir~tE RRI) 39 0

15 COATINUE CORfO 41
00) TO fl000 EBRO 42

10 CALL OfOPt.YVILLEORL SIZE RON l UNDER **24,410003 ERHO 43
0O TO 0000 EBRO 44

11 CALL 030PLY( aVcrita1 4ATRIX OVIERFLOWU PORK311lEXT'.34 641000) EHRO 46
0n TO g((oo clipto 40

18Cl 10OIPLY40 '1NCOM AIIGUIlENt LEGO TIML' -010113 .2,&1000)ERO4
is Conlrituu CORfO 40

GO0T0 0000 CORO1 40
20 CALL (~~I'.tTYEO r0&l~l'.34CO EflnO so

08 TO DCOW CORO4 51
* .. ~21 CALL O2WPLY( 'AVEfIOJ 6T1Uh0 111MtYILJO TIUROU01II £lCORt~CT'.4t*4IG0Wit(O of

22 COMINLT,~i EBRO 03
GO000 To Elli ch 4
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23 CALL OROPLY0H'IITRIX 18 TO0 LIIROC TO INVERT USING THIS INTERACTIVE ERRO 38
IDEVICE' .0S31400O2 ERIO 38

3000 CALL OCIWDLY( "PLEASE I3UUIIZT AS A CATCH J08'.28.410001 ERRW 57
00 TO 10091 ERRO Be

24 CALL CROPLY( 'MMOUCT OF MI¶T11I I1ULTIPLICATION 18 T00 LAR0t FOR INTERIRr 53
irRflCTIVE flODE1,t30S4t000 EBRO 00
GO TO 8000 ERRO 81

Y,23 CONTINUE ERRO 02
26 CONITINUE EBRO 036
27 CONdTINUE ERRO 64
20 COlTIME CR110 03
29 CONITINIUE ER110 60
30 CONTXUUE ERRO 67

5000 CALL 0I30?LY1 rLEflE ANCENTER *o13.~30003 EBRO1 CD
1000 RETURN ERRO 09
1030 CALL 0EIRnIS(300 EBROI 10

00 TO 1020 EBRO 71
C EBRO 72
C ARRITHIETIC TROUSLE CARRD 78
C EBRO 74

200 NFLRG.- I EBRO3 7
CALL AERMI(1-003 EBRO 70

00 9001 IIM. EBRO1 18
9001 flElIC0~t 1)1 .,SAVE)mNElHC0( 1111 ERRO 79

Ir(;tSflVE.LT.5) 00 TO 60 EuBR 00
IF(WVYLY.0T.4n) 00 TO 9003 ERRO 01

8004 WIRTEC tIVGA 1VE g.YY) NE£UCOS EBRO~ 82
KSR'E~0EBRO es

250 RETURN CORO1 04
9003 CflLI PRORIMh() EBRO 03

irIIIy .0. 5331 BETUN EBRO 0 6
JOYLY =I £CRRO 87
00 TO 8004 EBRtO so

C EBRO 09
C UWFORHTIVE DIRONOS0TZC EBRO1 Be
C ERRO 91

400 f1ai-200 CORO1 02
00 TO 1401. 402, 403. 404. 405# 406o 407@ 400. 400o 410o 411o 412oEIIRO 90
3 4133. 414, 415J 1. 11 (000 94

401 Cni.L DOIPLY "TOO 1101a ORA'sl'3@4100)- C1190 0
402 CONTINUE EBRO1 96
403 CONTINUE cuRHO 07
404 CONlTINUE [RHO1 so
405 C01?1.6sUr EBRO1 62
400 collisgeigM ERRO Ic0
407 C01!ITNtUE ERRO :01
400 COJrITINIM [ROD0 302
409 CONTSIMNE CARO1 103
430 CON1TINtUe CRRO1 04

OD TO 4000 EBRO 103
a.411 CONTINUE E1111 loo

*412 CONTINUE CARD1 107
413 CONVtIUC * ug 108

AA
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414 CONTINSUE CRRO 109
415 CON4TINJUE ERHO 10 I
4000 CALL OROPLYC PRESS HEY I ro1s STANDARD rflW? Oil KEY 2 TO CANCEL MXEMiUO 311

ICUTIOr4.' GO*41000) EHRO 312
4500 CALL GIIAIT EIRO 113

ircJTYPE.NC.11 00 TO 45130 ERAC 114
irmftEa.ii~ 03J TO 1000 EIRO 3IU

IIftKCY.E0.gd'R.KEY.Eg.31) 00 TO 400o ERI0 135
IrKEY-iK.22) 003 TO 4500 ERRO 117
CALL SCOFLT (OtFA.OS!.lAEZ4EdCO)ERRO 110

ICALL GC3?LT (1.ZOLW ERRO 119
CALL OCALfl ERRO 120
00 TO 46J00 CRRO 121

4WDO NF1~z EiW 12Z
00 TO 1000 CR110 123

etlo EBRO 324

41
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SUBROUTINIE EXCIINO CXCII I
COMMfON I aLCntfDE~tg7.RGAR.Rzgc~ca.tw~ XCII 2

I .NCICOL 389.5) XSAV E N~fl V dVtFLAG EXCII a
COMHION / CLOCIKO / CE33.AG(9.ZD(8.g~1CjdRjX XCI 4

I IdRO~INCOLdlNlRC6s.VWXYZ(5) EXCII 5

C THIS SU63MIJTNIJ 18 CALLED IN RESPONSE TO THEC COMMIAI EXCIItiNGto EXCII 7
C CXCII a

IVN!RO.N.(rnO82)2.R.flOGC 00)G TO 010 Excli 9
CALL CtIRCOL(1 IC XCII 10
3IF(1.EO.) All TO 003 EXC Is 1
IFCNOIIAX-LT-13 00 TO DOD EXCII 32
CALL PLOI( ExciI is
iFCIIFLAO.EQ.I) RETURlN EXCII 14
00 30 WAN3.~$~032 EXCHIs 3
no 50 N10"1 ~1flx EXCtI 18
JJZIIIRGS( J)+N-1 EXCII 17

MORKRCIJJI EXCal is

dRCJJUI '11034 CXCII 20
so -CONiTINlUE ECXC 22

00 TO 098 EXCII 23
800 COLL CIRNOR (3) EXCII 24

0O TO 090. EXCII 95
910 CALL ERRJOR~ (10) EXCII 26

00 TO DODD CXCI V
900 CALL ERROR (3) EXCII 28
933 RETURNU cxctf 20

END CXCII 30
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rSUBRiOUTINE EXPAND flsA PH=~t ftI) COE~t5TlSIFOPfTW NO XPA 10

COMN/OIK I0 EX3

jp~i~:.1 XPA 16

D~IMENSION 1 s39 EXPfl 1
E2UVC T 3 40.3G0. 20 24I) EYPA iS

¶00 TNSON 10 R( EXPA 22
c ~ * EXPA a4

c POSCT0 OF TJNIIC ARA )HI N OVRSTI NOMTNIT EXpo 10

1OT 10 EXPA 2s

41K j EXPA 10
4o CAL ItOR +t I EXPA 01
Is I a I +I EXrA 1i6
5 InD I -BE JJ 1 N TD 4 EXPA 17

IF0 KIND( 11 0) JAR1A 20 A3S I)~
JANUI11 32 EYPA 31
GO TO 10 Expfl 38

C0KNt1 EXPI3 23

I EYPA 24

ARM If I RHEEC I EXPA 42
00TO 10D li3sE.0.R G. J)0)T 0 EYPA 46

40If(T 40U -1-0 200.T 100 EXPn 44

308L WHO 11H0E IINROS! ~ItI- v IWO$ I4n0
IFr 4 *G, ) 10.U10 TOP 48VI 9

430 IN - EXPA 40
42 CA ROR EXPA Wl
40 RTO 140 EXPA 3e

120 TO 30 Exrn so

14000 1 = I # t EXPA 40.

M IN 1- NE *R I II)J0 TO 20 EXPA 43

10 -u -*- 0* 010 -XP 4



ii 207

JARO~t 11 3 1ARRG8 11-1 S.INC us~A5
301: 11 EXMA 56

00 TO 15 EXffl 57
360 CA1LL XP'O(t VN1EWE I I x ARM~ It I KILO 3 EXPA Sf0

1VIt N . 0T.) 00TO 41 EXPA so
5:311EXPfl 00

JV( Il0i0 oEG, 0 300 TO 170 EXPtI al

00 TO 42 MAI~ es

370 IU = AFRGS( It EXPAl 04
00 TO 100 EXPn ou~

too K-:21 EXPAi 85
00 TO42 EXPn 67
END ESCPA 08
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8U5RUTZI~ENXCIC I

202 CAL ARES(I4zr~S.ZL)EXPC 48

JLC. L Exec 21
ZL~U~tD(33EXPC 22

ftt1XVACROTIt 00 EXPC 27

Coa iF(L200,2 iLC0tJN0( VCA#AECR@H M N ILHItOS().0 EXpC 25
00 TO 200 WeP 10

1LrfldO(JL.3) 00 TO 0 EXFC 28
Sa20 11903~tL- Exec it

CALL. PLON(J Exec 02
ZIF(2P.01dI 00 TO 30 Exec 14

Vr~-C GIOP.. EXPC 17
220CAL 00 320 ICRhIL XWe )a

lfALE0 00 TO0 1LC 13X Ex'c 40
C(IWAO(1l) WeX 40

20JfLC.ZH. Ex(pe 42
RCTU DSM EXPC 43

20IC(L2*T2 £~hM(~I3S4*O XPC 45
00NMN E6 240 TO3NN CC 4xe 7t

1t~ZttI XPC 48
PG 20 11,KI~ XPC 40

irtLc.oC.IL) 00 TO 2450 Exec 30
Camp WeIRC DIl IXPC as

2401111aU1e2* XPC 41

13 "I. XC4
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945 no 260 1=102t. CIPC 55
280 ILC=1LC.1 Expc 57RETURN cyPC so

Casm. tmITVEC x sWO 3L:ZflD06(2 EXPC 60Ic:2 Expe alFIrNARGSAC41o 80 TO 502 EyPC 62
ICiRG3 £ Expc 03

ILWAC-3g) XPC 64309 00 SOU ZI1.4 EXPC 65
cxrc es308 JCzici2 EXPC .07

$A03 )=IL Expc 601ANrIMs()ILL Expc 0900 TO 100 EXPC 70*310 00) 320 1:1.1. EYPc 7)flti)RCtILC) ExeC 72320 ILC=ILC~l Expc 73ILC =I EXPC 7400 340 I=l.NflX Cxpc 75ItlC~zItl EYPC 76
00 330 J::l KHX EXPC 77

Pc~fch~tLCIEXPC 78
330 ILC=IL6I Evi'C 00840 ZM=H#Zl3 ExpC elMEUMN CXPC '023 CA1LL MROW() ExpC 03

K-RETUR~N -ExpC 6410 CAiLL ElRROMO2) EXPC 83*RETURN £NFC Be17 CuLL ERROM3 7) EXiPC 0?
RETURN ExI'C eaIt CALL tHROR(II) Cxpc 09RETURII EXI'C 90Elio UKP 91
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SUBROUJTINE EXNCII EXR I

I N~COMO 195 iSECICV tIA XTR 3
COn1310 I BLOW~ I EX49URTO3.ZOS)AGEW3JUlR. CR 4

a 1I0U.CGL.S.VXYZ() CR 5
COKIONOLONE/AHE 4)eLIL~G~rO XTR 6

C XTR 7
C THIS6 CIJROUTUIN 16 CNLLED IN RESPONSE TO THEC COM1tANDS HAX. EXTR 9
c nfXlfliUn* UIN WD WHIMuuu L2=4 coR s3 ron mn~ itm timn~xlul (ECYR 9
C Ltz6 MR0 73 FogI "MI (03 ?INtIMl1) EU!? 10
C EXTR 11

Iff ifRRGS ..01. 0 eASED. 11009 KAGSEs. 2 3 -Ell. 0 3 00 TO 30 EXTR 12
1.10 CR 133

30 CALL 199011 1 1 EXYR 14
to OETUIW1 EXTR 35
30 CALL C11XCOLI 1 3 EXTII 16

If( I 'E0. 0 )0GoTo40 EXUR 17
5:5 ETlI 10

D0 TO 30 EXIII 19
40 IrFINRhAMIGT01 10 TO SO EXI!? to

ISO CUR 21
00 TO 30 VXIII 22

50 CRLL PLOX1 CXTR 23
Ir(NVLflG.EQ .13 RETUR1N EXTI? 24

5tNUAXC.)00Tv1 EXTR 26

.3 a SAROCI 1 3 EXTR 27
It j *3 CXRY! 20
L X # "mRHO -e 'EXTR 30
sr1 Lt2 *0f. s 6 00 TO 00 XR3

C EX?!? W
c VINO hilyOuII EXR?! *2
C .91TO 33

00105 1 No1L IXYI 34
If1 RC( JI 31? e Ad R I 3) J I CXT!? 35

10, CONTINUE CUTR 30
QC TO 130 CX?! 37

C CU! TR
C FIND KNIMINUi ECUR
c !XTR 40
So .00 00 1 --.L CX?!? 41

DIE RCI J5 .0?s ACES) I 5 I I J SR 42
90 CONTINUEU ET 40

100 j tj - 3080s( 1) EX?! 44
310 00 120 1 I A 1. tUII0s 2 ENUP 45

N t lipilcos 12 3 Js j VI! 46
*120 CALL VECYWE ACI IA li IMMI.3 3.01 31 CUMR 41

co0 TO 20 Mg~t 40
END CU 40
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fUNCTIoN reast x 3 Fees i
C THIS rWICTION fiUBPIOC~nh CALCULATE THE~ COSUe or Tpe AR~aneliUT x. rcos 2

irt Ant( x ) .OT* *GEB 1 003 70 2 Fees s
rcas =cost x i rCOS 4

I KETURtf rCOS s
2 COLL ERM(10iO43 fees 0

Fees = . rcOs 7
Do TO I a I 1C3S
END rcQS a
rumCTZON Mt?l X I FEWr I

C TM$ FUNCTION GU8StOUIVTE CALCULATES EXPtX). FEW? 2
IftflOSIX),0T.374.) 00 TO 2~ FEW? a
rEXP = E'P( XI FEW? 4
REa 1 iFcXF~ r 5p

9 CALL ER~RiOt 102 EW? 8

Go TOS I EXP 0
FENO

ru1timom rEX?2( Os E 3 VX? I
C Ex? 2

C MeI FUNCTION. SUPto0rRiH C11CULATE3 DONE xv SUCHi AN OPMiATION FEXp 3
C DOESN'T PRODUCE OVLINFLOR OR UNG[eL*iOUo rwX 4

Ir r .om rLOnTl IE 3 3 W0 TO I MEX 7
irirto~osi 00 TO 3 rIMP 19
COLL ERttR~OA10'irp

11EYUR11 VEX? Is
s rcxtPz VXp( C u OLOOt 8 1) rap j2
I WWII FC
t rtE oaK .E FOP 14

Do TO IMYP lu-
veup to

J,'-
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sUBROUTINE rLIP FLIP I
COMl•Oi DLOCKMI/HOQE ,1.iI 1r ARGR0O .N•#JCO1 0).KRDENO FLIP 2
NIIECVG(13.5) .•BAV•,NS'ICi.HrL�D~ FLIP 3

COt'MO:1 / 'di.0C0 / WC(24•3.ZAl0OaI0)KU SO).tIeOTIws53.INRAX. FLIP 4
A flURM.NOL.sNHiP8.ViXYZ t) FLIP 5

C, FLIP 6
C ThI1 SUBDROUTINEi I CALLED 10 RESPONSE TO 199i COWANDO FLIP. fLIP '1
C FLIP 0

IFt NrflIW .OT. 0 eANO, tODI URRI•. t ) .EQ. C 1 00 TO 20 FLIP 9
I = 10 FLIP 10

10 CALL ERROR( I I FLIP I1
15 RETURN FLIP 12.
ZO CALL C)INCOL( I I FLIP 13

In• I ,[ce o i O0 To 2ui FLIP 14
1:3 FLIP 15
Go TO 10 FLIP 10

25 IJtMfIMAX-0E.) 00 TO 30 FLIP 17
fts FLIP 10
0o TO 10 FLIP 19

30 CRA.L. PLOK FLIP 20
ZI:IUFLRAO.EQ.l8.O,.N1AM.EQ.1 I RETURN FLIP 21
KK = tIlhRAX - I FLIP 22
k a KK 2 FLIP 23
00 001 I1. NARfG-, 2 FLIP 24
It% IORM I) FLIP 25
If a In t i*1 1 FLIP 27
111 I" 1t + HK FLIP 2"
Ot3 N * KK FLIP 20
"Mlt u 1I * K4 FLIP 29
00 60 j I=, 10IM FLIP s0
A 0 RCt d I FLIP 31
act I. Rcl 111 1 FLIP g
CeItll ON A FLIP 33

H FtLIP 34
SHIt - I FLIP as

Go t 1ll R .- I FLIP $0
.. CONTi•NUE FLIP 37

00 To 15 FLIP 30

411
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FUNCTION L t X I FLOG A
C FLOG 2
C title FUNCTIOs OUspiORow n CHeCnIs X icD ZI IT I-8 P061TIO V FLOG 0
C CflLCULITES THE NSlTU~RAlL LOS O ". X : ^LO) 4

IF( .GT. 0o 1O0 TO 1i FLOG 6
CALL ERRORC 101 3 FLOG, 7
FLOG uO. aLO. U
0O TO 2 fLOG I

I FLOG u ALOG( X 1 VLOG 10
2 IRETURN FLOG 31

END FLOG 12
FUNCTION FSINt X 3 FSIN 1

C FSIH 2•. C THIS FUNtCTION SUSPROORAN CALCULAT2S-THE'S3NE 07"X. " $481 S

C MI"1N 4
IMF AMBt X ) ,OT, .OEO 00 TO.2 r8114 5
rs.in 6189 -X I F6II 6

I RETURN FSt" 7
- C6.LL ERROR 1043 FSOW 8

00 TO I fat" 10
•EtNO 78111 31

r FUNCTION FSQRTt X '1 M6R
C POOR 2

C THIS FUNCTIOIN UPROO• OOM CHMCA6 X AND ir IT 16 PO6ITIVE FSQR 3
C CflLCULATES THE CQUflE ROOT Of X. F.rm 4
C 7804 6 5

F't YofLT.O. 0 ) TO 2 a
MAWT = SNT( XI F;OR 7

9 RETURN MoR 0
2- CALL ERRORM 101 1 FMOR 9

rF60tT a 0. to 10
00 TO I FSOR 11
EppO P60a 12

t:. .

____ ~ T 7•L ~ lL1_ T77 II
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SUIBROITINE FUfIC! ruoc i
1."NNYCS r~.i UNC 2

COMMON0? / LOCI¶0 / AUZC 4
£ oNaL.0~.~X~(S)ruzc s

*COMEON/bLOCKEMMERC41 v.1, .2,ISRFLO, fuer 0

"fERLM8 X0 FutC 8
0infiseflSW4 i 2 ) utic a
EQUIVALENCE 1 11. 111 1 1 2. C 12. Ut I) I tWIG 10
01121N3!O:I MIJGI3 1) UtC It

UZVLE~L~RIG1C~h~CC401J UtiC 12
C fvwic 1.3
C THIS WORCUM1E 13 CflLLED FOS TzIE FOLL0UUIN COMNOI~~ WN#E COS# FUNC 14
C TRIG COT. RRz"611. ASINf. RMCCO~3. ACMS PflCTANt flTfli4 MlCCOT. RCOT. FliNG 13
C SIND*. COSO. TIMID. COtffl R1na, neciso. mnh40. ACOTO. RWIS, Fu:C is

* ~C AW100LtJTC Wer' k.XONVIT. LOG. WOE,. S3ORT, NEWt~Po L0GT~t4 VWIC 17
C AN!TILO.0sG.SINA# COZH. rTOM. COTH. ASi~INH ACOMH RAM1I.' ACOTH ANO FUNC 10
c DEMVOR. FUNO 10
C VUNC to

IF( tRRIGO .EQ, 2 eOR. NAcRGS .EO* 3 100 TO 10 FUNC 21
CALL 0HIRO 10 Vun'C 22
00 TO 70 IF UNC 23

10 CAlLL tArJICMC MMI~'i IL IFUNC 24
MF IL ) e0. 30. 40 fuliNG 23

20 CAiLL M~IiM( 20 f fUNC 28
4Co TO 200 FIIHC 27

30 MfLL V.'ZORC Al I FlING 20
Go To zoo FVUNC 20

40 IL? IL + N~IN~hX - IfuliNG 30
IllifOS = HMOs - I FUNG 31
00560 1 =I. rflOs rtWiG 32
CALL flVREM6 Is III I II FIJNC 33
IN ItL I I) 46s ~30.o 60FlNC 34

45 lIt( I I -11t £I FliNC 35
60 CONTCINUE FlINt 30

IFRi ).~.0'O.R~I~E().E.322)00. TO 51 FUNC 37

I~L.0.~h~ll..2L.4IL2mL2-4 . fulNG 39
51 M KM& I~ ~ 1) * 0. 0100) TO 56 FuliC 40

k n ARMt 1I FIINC 41
LOCRYN = I FUJIC 42

2 41a,420,430.440.4b0.~340.3UQ.360.W1O).L2 fuliN 45
632 ARM AIt N) FJNC 40
ou Irt Numn1 sU. o I w0 to co FAIC 47

CALLE M,0311t 1 FlING 40
Go TO Poll MIX11 49

00 IM(IPLAtG.E11dJ) CALL PLIIK FuNe so
IMFrLAEI-fQ.I1) nil TO 200 FliNt of

i1rGC4 rms TOa e eaTo s FIJNC 53

4. I ¼
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CAL VEC1 AR I I I ruSs

Go TO 20 fNo5
90 T~UB-KIO0C2 0 FRTO 11 0 COLU 75GRrCe

C 71110 702
70 ThREE" aROrEIO 2i8 ON ONTN UIC 773

I I FUNC 70
D100 If IrTIL. 00~ TON 20 7rc6

ROC I 1 );RCc £ iIC 2 mIS ) 110
* 00 TO 20DEX FZ 7 0

cun asn
110 LOfTN3 1VUNC 71

GoJ LO 00UNC 73
120 NZ I - KIND( 2 00 TO 20 VC 84

IF11C NIO(I) -C.0 0 O10FONG 09
14O4O4O404G4O4O40SO.0U0cO50~0t0.~0 FU:IC 7I

c~D THREE ARM00,010 7111W ON92OSAN UC7

lab1ct I RCt I) RC( 12) 1 RW FUNO 03
1012 z 12. K2 FuNc e5

:100 TO 1200 71.111 02
co rup o3
c~ THRE r040.4OUNNTs if69.4A9.COLUil H54U9.60o7.uU. rUNr 94

S 710 1ONm3 UC00

120 IflLt CI RONCI.I GOT 0 rupc so2
m :; x ( 1 75)11 109

t50010 TO .INDEX 81) OUNV 04

115 NcWt I1 Re0 TO aUct 12 X FC 100

30010 FrsNlx 751007
4~Z 00107 * liG

1 01 5l#7 434 ,09#1.3 3 416 33#7 30*39fp
2 40,41,42943544Oo3B#40#ý3oUS~o2 rur. ot

20 CALCRML 1l 0

~~26 -- f-l 30-- - -- -. - -3.- - -
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11T 7 FN 1
C TAN . VNC 103

3(3S ASSIGN 310 TO INDEX FUN1G 114
810 X zFPCXIiFC 038(X) VURC 111

4 0 TO 273 PUNC 112

-3$9 ASSLIt 330 TO INDE~X VUIG lie
X2 -- MOMh X I /FCO8I .) VUNC 120
00 TO275 runc a1t

329 AGG10GI 340 TO 11NOEX FtUNC 128
8340 Zirt.EQ.t x) X~.-7 i.j3A V32 4UNC 124

00 TO 275 rUNC 121
C4 X SION HrFI IMrn 122

009 TOIG 340 TOU0FUNC 123
340 103S( F-.U134.4 INC I24

841 1TO 260LT1E39 ru~*c 325

00 Tco27 FUNfC 127

X42 )C AN 8Z0 1tU NAV . -X 2 1 XJIUC 128
00 TO 215 fUNC 127

ATAN FP 3

00 TO 27S$UC 4
C (ICOT FUPIC 142

909 ASIOR~t 370 TO INDEX~ FUNC 143
$70 ZF(X.l'3.0) XMI.E-75 FUNG 144

It c MANIt I* J* X I VUtIC 145
J00 Ta 275 FUNC 146

C 81110 FUNC 147
*1 $7$flGti100 300 TO INDEX FUNC 140

00 TO 300 FUNC ISO1
C MI~D rUNa sot
309 6601100 390 TO J1IM~ VUtNC 152
390X= OEM) UnX. FUI1C13

.00 To 1330 FUOtC 104
c Tilt FJC 6

539 fl8CfIMl 4003 TO INDEX VUPG lug
4;;X K PCOa X rutic I sp

no T seeFUNC ISO

40 A33104 41 to III=I MRto

410 F(I"stx-volE-74 XM-E-7 FUN le
I CEO X ruc 16

:: _______14..~------- - ~ - - ~.- .---- ~*-~
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00 TO330 FUNC 163
c C ISIND fUNC 1134

410 A5GGWI 420 TO INOCX FWIC 1135
420 1Ff AUJ13X I-l ) 421. 422o 343 . ruNc 166
.421 zr1(03CX)U. r1.e-c.a) X=O. FUNC 107 4

X % RO a ATAN( X/I63fhtt 1.- 2 3 FUNC 188
00 TO 2'75 fumC 1ISO

422 X a 610t 80.. I I VUNC 170
GO T021S fURC 171

C ACOGO FUNC 172
:429 (AGGION 430 TO INDEX FUNC 173
430 IF(1PISMX).T-1) 00 TO 343 FUlIC 174

WFf ir 3{osx)4LT.1,C-J3) 00 TO 422 FUNWC 178
X c RAO el JAT814 61ITC 1.- X DO 2 1 1 F UNC 170
00 TO 275 FUNO i77

C RTANO FUN 178
488 A0S01C1  440 TO ItIOE E'UNC 179

440 X t RnO u RTfl(Xi I iumG 1va
00 TO US V'JNC 101

4C ACOTO FWIC 182
448 06610:4 460 TO INDEX IfU11C 183
480 IMIX.UI.0) XZ1.E.-70 fuliC 104

X =UU SA ATAN( I. / X I FUNC US)
GO TO 278 flInG too

C, ADS FUNC 1137
409 flSSlItI 400 TO INDEX FUCIC 108

460 X =ldAM X IFUNC 108
00 TO 276 FUliC ISO

C SORT Ta u.1C 101
409 AMONG~ 470 TO INDEX 1uc92

470 X n V3LQRTI X I IFU!C 103
GO TO 275 rFNC 194

J.C XP FWIC 903
470 A6810.11 400 TO INDEX VWic 1130

400 X FE)XPC X I FUNC 107
00 TI) 270 funtISO18

403 116131H 490 TO INDEX fuNc 200
490 X FeXC -X I RUGI 201

00J TO 275 EthIC 202
C LO0D fuliN 203

480 ASSIGNI 600 TO INDEX FlING 204
500 XC3 FLODC N FU39 f00

00 TO 275 FlING 200

U08 flI81N 510 TO INDEX FUNG 200
610 M~ X -OT. 0. 1 08 TO 511 fulNG 203

L 101 ru~c t10
00 TO 200 FlINo v11

VIA1 X cM09101 X I FlING 212
00 TO 275 fUtift 213

-C ALDO fuliN 214 §
810 ABOWN U 120 TO INDEX FoliN 2)16

.62 IV( X *0T.7O 1 0TOSZ 62 FlIN 21W
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X 10. 2 F FUN C 217
W TO 273 VUflC 210

S2E L u102 Maic 219
Go TO 280 FUNC 220

C GINtl FUND 221
523 ASS1C3 .510 TO INDE~X fVUC 222

530 y =Fl~P( Xi I uno 223
Iftr.O.-0. GO TO 263 fUN4C 224
X =.5m(Y+.1./ Y wTAHCX I VUNC 225
00 TO 275 FUNC 220

S coo" runC 227
538 MUMIG. 540 TO INDEX FUNC 220
040 Y uFEMXX Iwi FURC2

£V(YCOTOtg 003 TO P65 .FtW4C 250
X a.OmCY *I. / T I FURC 231
GO To 275 FUNG 232

C TANH UIC233
549 ASS WCI 650 TO INDEX rUHC 234

660 X =TINI( X I FUNC 235
GO TO 276 rUNC 238

C. corN FUNC 237
559 AS$SIGN 500 TO INDEX runc 238
560 irtma.cO.) x~il.c-7 PUNC 239

X . TRIfC XC I FUNC 240
DO0 TO 275 FUNC 241

C ASINHt FUNO 242
089 ASSI04 870 TO INDEX flumc z 1
570 1PCR88CM.LT.1.E-7) GO TO 265 FUNC 244

X = SIGM ALOOC AM X IC 6.ORT( Xum2 Is I.X IFUNC 24
G0 TO 275 VUNC 246

C ACOGN FUNC 247
579 ASS?0N 500 TO INDEX FW4C 248
600 IMC*LT 1*) 00 TO 343 FUNC 240

IFCX.O-.i.) 00 TO 600 FUNC 250

0O TO 276 fUNC 282
35X=L00(2.uX3 VINC 253

Do TO 216 FUNG 254
C ATRNII FU$C 265

60$ ASS IEI $90 TO IriDi0 VUNC 250
620 MV I41M XC ) -Lt- 1. 10j to 802 rWIC 257

L = l UNC 258
Go TO 230 f UNC 260

59t XC u -Bi m ALOC& Is X..I I I 1 I* I UNC 200
ca T 275FUNC 201

C ACOTI FuliC 262
609 RGUIGR4 600 TO 1110EX FN 0

600 MN AMG XC ) V% Is 3 Do TO 002 rUNC 204
X 5 = i -0LaMID 4 XC 14 1. 3 t X Is I 1.1 UNC 203

00 TO 276 rUoc m60
001 L. a 100 FUNC 207

Ca to qca FUNC COO
coo jqSOjciO 010 To3 iNfUx FW4C 269
.010 IFlX.0T.1.O,~,X.LT0.*) 00 TO 343 . UNG 270
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GENe 1

i• ~~SIJflROUT~tIE CEflER •tE
i.C0111014 / 0L0C•A/flO0E .11 .RROL 7?73flR(3,1lg(.r0,I .NEtHCOiL 1) .5•flOrIO O~flE

I ,NEHCDGL 19.5) ,,KGflV•,,NI,,fE,r'.VLRlD GENE 3
SCONMOO / OLOC;•0 / RCC 2,$: ) * ZAI•IG6( ,K3INOC 33) .AaGTfAO(51 S.N)UIAX.• (GEN 4

I NtRO'Z .R•COL .NfliGQS. V~IXYZC ) GENE| 0

ornIEiSrONI RRG,3( 13 GENE 6
EQUIVULEACEC i( :C 1I) rC( 24011) GENE I

C THlIS GUMO,3UT•IE 15 CrMLLED 1IN RWESONSE TO THE COMMIANDO O•EifTE.•:•NE 0
I71'f NMR35 .GE. 4VJINO. 100( NAlRGSP 2 1 4E0. 0 1 00 TO 20 QENE 9
CALL ERMOR (10) GENE 10
GO TO 200 OEII 11

C GET 8TO?,.;ME C.LUmII •GR0E6 CENE 12
20 CALL fitRES( NA0GG, J C EllE 13

I J•V .. T. 0 )O0 T3O SU GENE 14
S CALL EiRORC3) GENE 1i
00 TO 200 GENE 16

EOLNE 17
C CONVERT INTEGER3 TO FLOflTIND POINT GENE 10

90 00 40 1 m 2, MWrG OENE 19
M-( I(ZNO( 1-1 1 .-CC 0 1 ARMS( 1-1) 1 IfRGSt 1-1 O WCE 20

40 CONTINIM GENE 21
GENE 22

00 50 14#11AR06,?2 GENE 23
SR=(•-3( I-I )-A•O•t 1-9) |i/I ( -2) G•EIIE 24

IF(A.LT.0.) 00 TO 3 GENE 20
60 K"K.IF(fl..9)1GENE 26

IF(KLE.t1.1iiW) 00 TO 00 OMI. 27
CALL ERRO1M 201 1 00NE 20

O0 TO 0 OGENE 29
60 CALL PLOR1 CElE 90
Gs IF-I4FLA..EO.i RETURN O-HE M1

RV j I lIZO -I GENE 32

1100101 z 4, # M10 - I E 84
80 IS 1O .1 ,C 4 # - 2 3 " CENE 94
8 = SIGN( I,# MOitOO 1 - 1 1 OrveI so

EVOER iOS t --1 .1- *GIN ARO( I - 2 -GonE $8
100 J aj I DENE 37

Re{ ,J 3 = Olct j- I I + PROS( I - 2 Get se'1 3
IF( 8 m iCRe( J I -1 GUI ).UE*O) 00 TO 120 WINE -9

110 IF( J ,LT. -0I130H 00 0 O100 00C 40

SGOTO 160 W•.E 41
C "CEOE GU•(RATE UPER 6OUNDs 6WT Ill UPpER MOUNO GENE 42

120 RQd ) J ARM3t I - I GENE 40
130 CONTINUE G'NE 44
100 VIIRfl 1100AC NlUSAX# J H WURON NRO11 3 OFNE 4S
200 AETURN MENE 40

Elio WENE 47

I I-
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SUBORUTINE INPUT Zlf'U I

PC a I UINU 7
CALIL GURfPL~ N~UcafRC)

HAM3EH+ 40 IM 11
CALL. 011CONVI NlEWC0. MIMSD()* KNOEND I NIJ1
RETURN4 IMPU 13

emu URU 14
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SUDIOUT £NE UYCHW(IDl GOET *J? I INYc I

COM11101 / BLOCK¶0 I fi23318O1Kt~).RT~6)t~lX tve
I 1001 .tCCL.0~3 .~1X~!L13)INYC 4

CONONM/CRAIfTDM~OI [NYC 5

EGUIVALENiCE (A#01 INVC 7
C JINyc a
C THIG SUVROUTINE PREPARES A HATRIX FOR INVERMIN B3Y MOVING It TO A INVC 8
C SCRATCH AREA* IT 8ALS0 CHiECA. THE INVE.(TCO IIATAIXFOR ACCURACY - lve 10
C USING ERR TO GTORlE THRU1E ilEA8URES OF ACCURACY. 11IVC 11
c INYC 12
C KJ HILL CONTAIM THlE 01HE146014ON? THE hATIUX TO BE INYERTMO -INVC 13
C MeY 14
C OVTmO IF tIATRYX 16 SGULORM. __IfiY 1s
C JC IS USED HHEII A SYSTItI OF LINEARl EOUATI0111 IS TO BE SOLVED. IlIYC 1S
C IT IRDICATES NiIERE THlE Y VECTOR 16 LOCATE0.4 XItIC 17
C [NYvC 18

DATA M2O/0.OO/.OlE/1.0O/ .INYC is
Nfl~flR~3t ) Iyc 20

DEThZERO IIJVC 21
IFtLZ.EO.2) JC-J? INYC 22

ItNVC 24
JflPUIfRIM( ) [NYC 25
Do 10 1Z1.NA INYC 20
JflMJ'P INYC 27
fDt a %1E.l ON INVC 28
fl(J)=C( 1A) INVC g0

9 fl~Jcl~tlAOII) MeV an

ir(L?.EQ.1l 00 TO It 1"Yc 32
A(NO~ACJC)INYC as4JC=,IC.1 IHYC 04

Do 0 12 .InNa3fiNue love 95

IF(,I-tIu#EQ.Z) flt4)=ONE UlYC 3,1
12 CONTINUE IIIVO 89

CnLL OCRtAh(1,2) ca
10 dRPJll?.1 UeYC 40

lrtL2.Ecg.1) 00 TO 14 INVC 41
00 13 %1=1:1ME INYC 42

13 #1(j)m7ER0 INIVC 43
I NVC 44

COLL cummahe4.2) INYC 40

14 CALL G1PIt1W.(I.MT UIvC 4?
RETUll U'VC 48

½!~ 4
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SUBROUTINE NVR IfNve I
¶ ZOM MY If4VE, 2

Con"0tI~~1r80MI8 ) hIVE 4

C0$MON I IBLO0C / 9C(2439)sIARg3ca3)#KIhO(593430TflO(5)INflHAN. JOVE 8

10IMNIUON TEX'( 13) love 8
REAL&O ntL4O)#OET INVE 91
couivflLt1ce (A.03) iNVE 10

Congo THIS GWRU~4 TINE IS CALLED IN R"'WONSE To THlE COflIINDS hiNVERT. INVE 11

costs L241 - INVERT* MIUIVERT JNVE 1s
cot 22- LiINERis 11LINEAII .1aVE 14

ZIF(PA, 440EQ8-ORMN30S.E4).) 00 TO 1200 INVE is
CALL EnROX11 0) love 10

RETURNI hIVE 11
1200 J=Nn~o love 10

- CALL CRitif (d) INVE to
IrJ~.OoR1f~6(jH~.AR6()A~O.ARa~a.)00 TO Z00 love 204

IF(NO.0G.E0,) GO TO 40 love 21
KINO6)=OINVE 22

1AR08(U)--IA36(4) Ilove 24

* .IflO3()=YXGS3 INVE 28
*9Ja1 INVE ea

tr(L2.CQ.) 00 TO 05 UIVE 27
j=2 love 28
iAR018)~fl(~()love 29

05 CALL flTXChI(~J) hINVE S0
INVE 33

as Im(All~Iimm.GT.3) Do To 230 mJ~.9
SINVE 44

CALL. APU.C4F(5.JC) JOVE 37

DVq.Ldltd.EO 3 TO 211 love 01D
98 COLL PLCX LV 40

uIMIMAD-o.ltl RETURN AINVE 41
CALL INVCIPMU1 .OETstdC) hIVE 42

Cuimom CHIECK to 6ý' 1r t1MIX tinG zI TCO. 1NO. If GET I' AINVE 43
-IV(DET.EC13U.1)O) GO TO) 240 AINV& 44

AINVE 46 '
5flhftW3()AINVE 401. ** .MrCL 1EA2) 00 TO 100 JOIVE 47

towou STORE UINYRTEO IMMIzX ifiVC 48
INVE so

Ai0 110 :=16111 AINVE 51
2- ,~uJ AlVE 62

00 100 JZJDO.JE AINVE 84
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100 JC=JC.UIIF0I lovec so
110 jszt3*J)1 UINV 51

00 TO I O( INVZ 613
Coons STORE XEGULTS Of' &OLUTION INVE so

130 UO 140 I1=14 love Go
CALL 6CRlAI1(1.13 ZIiVE 81

14AlJ)f(~ INVE 62

150 MOU11=4 INVE 84
HAITECUDIJZ.100) VET hIVc 68

CAlLL F'ETCf1(TEXtsJ0*41O000 IfIVE 67
CALL 04%6MC) hIVE 60
CALL GOPiLY9 TEXT 6JO~.4100G love 69
CALL 0{%UPLYC' ',1.,Q000) ZNVE 70
CALL ORD'LY0 .ISJOOO0) MUE 71
RETUfl4 lofve 72

900 CMI. ~RWORM loveZ 73
RETUR~N INVE 74

205 CALL ERSOM(17) INVE 75
RETUtIII love 75

211 CALL WIt I I) I14VE 77
RETUR(N love 78

230 CAILl. ER90.7f 23 lohhve 79
Cbm PIN i~~T HATRYIX TOO LAROZC TO INVERT love 00

RETURN love at.
M4 CflLL W~OU 1013 hIVE 02

Camu~ Filitiu ATRIrXx 143 GINGULA~ A 00NEARt SINGULAR-NO INVERSE. . NV(C 03
100 CTUJIN ZUVE 04

Elio INVE 03
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SUBROUTINE LOOKUIP LOOK I

i•. C:LOOK 4

T"IS GUORfOUTINE 15 U3SO TO S HflCH VORA I KEYT HORO COR.EPGONDIND TO LOOK 6
c THE ONE IN THE REPLY A. IF" ONE IS F0IHf$# THO VWIA;LE•. L0.3 '7c LI AND'l L2. ARE SE.T WHICH H~tLL BE U.SED If# DETERMlINtING• .HICH LOOK 8

. ,U0.3OUTIE TO CALL LATEX TO EXECUTE /i .A SPECIFIC .Ot 22.Do LOOK 2
"-O 0OLOOK 102

C' IAMX. eHX.YZ/LOOK 12

0•TI LOOK 13

1516039.10 16.2.1496.1022o19.1020"O02O.I•0.1"17 ILOON 14
2O)LOOK 15ADS frEMP. LOO,. qMTNEIGEM,.PLOOTEN, ANT ILOD ,GI ffiI. COSH, TANH sCOTH ,RSION 4 LOOKto 1

I. 114l.? I )T.}rI. '.OT .V R .itSOLUTE .EXPO/W.NE'11T. LOE LOOK 10;

21 H4eCOG , 1TA0T) C.itifo`%co CT e A. TNsAR4CC4.T/6100CUSO MNO #CO/ LO03b 10
C ASIf0oACOD.7T•HD.7COTO/1.13@ACOSATt'•IACOTL4 19
C Laot 20

DA1TA JIO'.O490.I.O4..4•O.O4.39.I.4"O|EiL'; 21

3O4100/ e .02011X,.14.01Is ZV 12 Op1410/ 1 P I V RS I 1 12111 14621,31LLO04 24
4OLOO'( 2a

a Musq•, LOUK 28

C HOE0I 0IE 4.ODL 144f401 3t0. OG2fl, E020.0A5,14) ,11.ItUW 1010,0 .•41•0r. LOW4{ 2?
C "" RE/L00Ot 40e

C LOOK{ to

0110 iAT A )O tt{P••ll.)42.401),.` •| '• { L.Ift 42

S02. 247 14fOOI 4.. 4fl4J. UJ•O9.0154..L•/ J~i.43).<iJG9! LO~ t{ $:

C LOOKt s5
C DIEUATA .GE/ LO~ 47

C UJ3OC 4S

Ot1TA In052i 52,4132.#14000.0/ LOUR1 37
c LOOK 50
C IlEVINElO Dt I #(•fi3.|AIA rtwTrIvlru.N .I•Woot LOOK{ 1
C .U$CL C LOWlOM 40
C LDIM 41

0D1TA On 9390# 4019 - 4031, L, 42+•4 040, 9104091oe 910o 1O1Ole 13021# 1430s. 06127o OWN 41247# LOOX 43
'S ]032s 1247, 0724s 41143#, 10030. 0161 WNP• 44

+ . LOOK 45

•. C .IUlULTI~A(lW• tW0. 47

Ic LOON t6

c H110.~lolM~ g I ffTXVM U1C*~~~~fMs LO'03 Sft
AWIL" --C~i IX

+M
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DATA rmucI6.oC.c5.f .o)n 0 /LOOK 55
3 135CO. 2010- 10011. 14b'J, 10033a I112U* 760, 2S.O / LOOK 5B

WAA 1¶1)n~O.fCJ.1t2.tt3.l13181S,011/ LOOK 57
a 3250. 1450, 1101. AM2E. 0J46, lCM*3 1216t 70O79 /LOOK 50

D~r r5c7) 10.12.1wo~ nr~1. IwcU'a,. IV~22.i13MIX3.nflMULOOI( 58
113953# M73. 1297. 1120. 1245M 1054. S9303 IC54 ILOOK 60

CLOOK 01
C PRU AiPWdH Vltl.ShLOOK 62
C LOOK 63

DATA Jli;).JT'2).Jr"(3).JT41JT(41.JT(O).JTC73.JT(r1).JTC)J(S3).JTt1O)ILiOf 64
1 311O'9. 14431. 31i70, 121305 13402. 0, 1398, 13156@ 14431o 0 i LOOK es

C LOOK so
c 6OI~olzueV.rCUCr .aCr iIE Mn M.111MIi; .HNna .IINUIUNf 3 #O~RDER LOOK 67

C C.EXnAU~.V1P..~.IZE~llHYLOOK 00
C LOOK US9

DATAl JR Z O141,20.4935.0)402..J 9390,L 70
I ~ 71

2 *4Q4iU4O..~17.17~5O743/LOOR 72
* 1C LOOK 73

C CLOCE o.COU:IT .~I~~ * '1% I1 .OUPLZ CATE.1JIM; .6LOC1CTAflSVFE .ANOV~ LOOK 74
c C KOV~ePRiOt0o.Dkt&0rC LOOK 75

* $C LOOK~ 76
CATA IlJt)).IJ(2).1J(3).IIJC4I.ItJC5lottJ(O).I1Jt?).1tlj(0).B ).NJ9.IO*L9OQ 7?

~ hL~Od~J~ 2? J~)2~O1 ~10.0744402.LOOK 79
4 LOOK cc

5 ~LOOK~ 02
S11463/ LOON 02

c LOOK Go
C %X4X*Xf14.tO.cii.11V.V LOOK 84

DATA1 /1XO)44.A74.I17&i7sO37.2S43.I102$.160Q8/ LOOK 08

DATAtco / 1CEOAf110IAMOC f~a4. LOOK 00
SLOOK 01

DAT h LOOK 90

* ~LOCK 92

C LOO2N 95

1.0013O 97
f 1546.0*0. 3,71#J10136. 1 IN.1)(Ills .14311 ,i402#0oW2O~. LOW1 so3

C LQ? 100
C C15ECK VAG 1 lfCUS CAG F1(;Sf LOOK 1013

AtC AA oS QT 01X,.I,!$Y:R 1. 1#L2 u 1 FII LO :I10
LOK 0

IMI.AW ~ ~ I NE."10.4--R21de*.0*a o1 oi' 0
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104 CONTINUE LOOK IDA~
GO 0 93LOOK 110

108 L111 ON l

c GO TO 900 LOOK¶ 1123
c RA LOOK 113
c LOOK~ 115

140 IMA~ ).NIE:;35:0.OR.N1U¶lZ:: ) 29;6 00 T 110LOK:1

LI z3 LO SDO 1T4 100 LOO 11
WC NAi.3 itG ADXL2 ).d OR) TO(A I DA LOOK 12?

C Ll Lu3 S. L2 1-7 LOOK 1210

c LOOK 131

17 GO a HE 4710 TO 108 - .LOOK 123

1 L4 CONI3 LOOK 134
00 T 200LOOt 13k

186 1~1 iDK 128
C 50017L2at7 LOOK 125

C7 CON LI MU :,2 1 LOOK 121

C oT e LOOK 129

C LOOK 131

IeO 00I 104 Le2=,6O2LO 141
SGO TO 208. LOOK 14S

104 CONTINUE LOOK 1343
00 TO 2100LC13

I00 L14 . LOOK 144

00 TO 0OO LOOK 1$7

C LOOK14

C A5.EPLD,3~r~,NCP.LlOT~ef1LOSI 00~ .Tflk.OTN20S6, t LOOK 142
C COHfltr?.cTOVfflO.nr~.~'tNh 1)L LOOK 131

0 TO21 LOOK :44
200.?~ LIO z LOOK 149

'LOOK 140

21 Lc LOOK 140

00 24 *.LOOX 148

0OO2OLOOK 131
224CONM1TINU 10011NEN 00L8

22 $li~2/ tCf#f3,OT4.0Mc11nl mct 1N aaTOOO~ OK 360
L16STO mBO3 LOOK 101

c LOOK 164210 US LOK 15
00 24 LW13# LOO 15

EQ4J(LRI 00 o 92 LOO 15LOOK IS



"228

C OENiEIRTE.s8T LI 0 0, L2 1 i,2 LOOK 183
C LOOK 104
290 DO 234 L2= 2, 4.2 LOOK 1635

SFtfflE( .EG.1O(L2-z2 |.RINnl.nflKAO.rO{L2) G O0 TO 230 L1OQ1 165
234 CONTINUE LOOK 187

GO TO 280 LOOK 168
2118 L a 8 LOGA 109

L2 tL2 / 2 LOOK 170
GO TO 800 LOOK 171

c 10014 172
C LOOK 113
C ITRRC[l LOOK 174
C LI a la L2 I - 10 LOCI 175
C LOOK 178
250 00 254 L2 Is 10 LOCH 117IF(IrNEI•I) -EQ, Mt19gOL2-11 -ANTD* NAMi23• ,EQ. NACUILM) 00 T' 250 LOOK• 1711
254 CONTZIUE LOOK 179

SGO TO 260 LOOK 100
9266 LI a .. LOOK 101

Go TO g00 LOOK 182C• LOOK 103
C ffINVERT4LJ•,INVEERToMLNEARt LI Gs L2 to Z LOOK 104

""ULTITH•A1E L! So L. 2 a o 2 LOOK 105
LODI( 188

200 00 204 L2 . 0 LOOK 187
JIVMl•u•ifI) .EQ. IlIN2UL2-1) .AND. IUIHAE2) .-CO, )U2L2)) 0O TO 208 LOOK 118

204 COUITItUE LOO.K 103
GO TO 270 LOOK 100

2ga Ll v a LOOK 101
imL2,GT.43 LIZO LOOK 192
L2.flOO(L2U 1 ,211+ LOOK 193
£ 0 TO900 oLO0K 194C LOON 105

C LOOK 196
4 C R3CALA#INSCILMl LI 10o, L2 I - 0 LOOK 187

• LOOK 190
270 00 274 L2 Is 12 LOOK 199

IMtV•NTh ) .EQ. IlOI2OL2-1) .-ADD* NUMl42) .*EO IlI2uL2)) 00 TO 276 LOMK 200
274 CONTINUE LOOK 201

Go TO 28o LOOK 202
270 LI a 10 LOOK 203

If( L2 -10 )-8000 277. 270 LOOK 204
277 V % 3 LOON 205

00 TO •"00 LOON 200
270 L2 . 0 -LOOK 207

TO 000 LOOK 208
I PLlR3U1#,P0MIIaD,81 tI 0E.Wi, LOOK 210

C LOOK 211S910 Limit LoOx tit
00 294 L2 1, 0 LOOK 218

1R(NflhAMt1) .1O, JiI2uL2-1 .4t3|0, IHAREMZ1 ,C,. 41T24L2)) 00 TO 080. LOOK 214
-. 94 ..•MT•UL LOOX 915C ., :L001 210

I Ii

Ii



C CHASE, EXCI1AGr. FLf.IP IG11EMICRiAfCtIY Li 12 LZ 2 -1 -14 LOOK 210
C LOONI 219

LI 12 LOOK¶ 220
00 004 L2=1IeW 1.00!¶ 221
Z~IMMhEMl EQ. JZC2M2-1) -AND. IRhtE(2 -EQ, JZ(ZvLZII 00-TO 800LOO)M 922

$ 04 CONTINUE LOOK~ 229
C L003~ 224

C CLOCEsC0IMtI T EVt3T oEXPAND sOUPLICM *t.flVC# BLOC. tlttCFER.Afl0V~. LOOKt 225
C hH!MPROUPflI OTV.fl3Th Ll 14@ L2 1 -11 LOOK¶ 220
C LOOK 227

Li = 14 LO00l 2203
00o 324 L.2 l. 11 L0OOK 220

324 CONTWVUE LOOK 231

C TTX.TTP#-i72.OETSX.0ETAP.RETA.#FF,FFP:VFFZd12.L2al14 LOOK~ 933

300 c tle rz~s fl LOU01 2373
JrtI~I3.E~zC22.Au.NfI1).E.IG2~L3300 TO 000 LOURt 2309

0305 L1=O LOON1 V'O
goo IRETUR41U LOON~ 24)

ENDU LOOK1 242
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c IRAIN AND CROSS R~rr1fEtCE TABLE MAIN I
C "AIN 2 i
C "¶AIN 9
C THIS 16 A CR0 s-wrmlIEU TAS1LE SHIOWING N4UICK SUBRO01WI¶. HAINJ 4
C REFERENCE rfiNTICULS.1 ULOCIKS 01' comicaO on mflTIGU1J4R SUIPROCOWS* ?¶RIII 5
C THIS LIST OOES NOT INCLU0IZ THE FOLLONINIG SUBROUTINES NtIICH A"RE tillI it 5

*c CALL.ED ONLY BY YTi4 6WRU3~TINE XECUTi~. MAIN 7
C lARITH CHANlW3 OEF1VE ERASE~ EXCHNG EXI'CO14 ETREM FLIP "AiIN 8

4C FU:lCT 8GtNR ZIWICRT: IHTRIX fl16C2 MftULt H04' MOVE tint" 0
C HAISC NSCIUL'. RX~TX ?OIIOTE PROINO1 READI -RESET SET h~tial 1a
C 6RDLER MAIN 11

c 0flNITfIS USE&S (INILIC181:1ED COWN IGN ERROR. 0114,4T, PLOh. FROAMl "AIN 12
C NOR)sO XECUTC. XCANiITI MAIN 13

C MAIfN 13
C MAIN 16

C OLCAHAIN 19

INER 1WIfRX HW~IAO HIHC2 HilIULT htfi MOVEJ hiRAS1E MAIN 20
C IO6r,811II fXTX 1W41AIE HOUSLA OjhllIT POHOTE FiYCON- F1.64 MAIN 21

1 C rRONAK PRORS14 READO RERA)X I E 6ET SET SETO 60ROJER MAIN 922
CST"lT TRAtNSF V5ARCON XECUTE XOMINT HAIN 28

C OLOCKO 11RSH 24
C no~ECI r?~iTH ARYVF.C iBLOC! CHANGIE CIFKC3L C5KIND OEFINC HASHI 23
C WXiG EXCHNGI WflNO EXCPCON' EXTREU rpLI ruticT Ocriat HAIN 26
C St4VCHNI 111YE1T IIITRIX tDHifOW" 1IUS%2 1HtULT HlOP e0VE WIN51 27
C IIRAIGE HiSCitOlf FrXCain tlXYX OHOIIT POW 1,80RON R00fl~ MAIN 90

CREAUX RESET dET SETO $ODERO TAROUG VECTOR HIOW MAIN 29

C CLOCNE 0PND HAS 1
c-ARITH .IRYVEr. ILOChi OEriNE EXPANID WXCO'l IXREII VUNCT "AilI 32

C INVOHK INVERT L 0.*! ;U P MATRIX MDAAOI i h1 .5 C, tHOP IISCRNO "AIN1 33

C XIIXX OHNIIT P0110TE PRO30WI REROX ftE6eT SET 60ORER HlAIN 34

c OLOCHr fHAIN so
ODCRESS CLOCK~ W1~X HIrNi 37

COM$S "AIN 38
8LOflK PUZCT MA1IM 30

L tPOTHAIN 40
C BLOCK~ ERROR OhNIRT PLON FARAN~1 "Alto1 41
C PCONST HINOZ 42
C CLOCKC PHYCOll MAIN 43
C we tHAIN 44
C O1HNI? EACOD fUERX GET GEmO MAIN 45

C CROT HlAIN 40
c RYVCC hV)ftCaO RINVCHN INVERT NAT0TR~ tifonlima tiIGC2 HhltJLT MAIN 47

C RAIN1 40

SUVJOUTINES 0wFUCTIONS UtWIN I
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C RIIRG& flnIN so
C AISTER 011HZ? .tAfZ 537

.c ADES (RITlI (IRYVEC CtW.COL WI~~NE EXI'COR EU14CT OCHER -INVE T H111N1 58

c OANfX STEITU YORM HAN 6
4 ~ C AERRMAN 1

C ERRZOR MAIN 62
C 'ARYVEC HAIN h1 3

C RSTER -HAIN1 65
C 011141 thAIN 66
C BETIIP MAIN 57
C FF1' 6TITO MAIN11 65
C 13ETAX A1HAIN469
C BETfiI rFX 6TATO "81"I 70
C G3ETAZ t~in I H71
C FF1 STATO "AIN 72
C CHIP MAI 73
c STAlTO IIAI11 74
c CHIX bpi"is

C CHKCOL 111111 79

c RRYVEC ErCON 1INVERT MATRIX 11DANAD tlXOC2 IhKULT MP MII0

c WE H116C1 IIXTX TIWNS1' 1111W 0
C COHAND HAIN es

C 014PY HAN16
.C DLO II 1111314 8

C DCBTAZ GANX 01111 TTZ 6TATO hMIl 90

C 110%O IiRITII (1RYVpr. 13TrR CHnoNG oeFive cne1fR eC11No lfhAIN 92
IC LXI'IND EXI)CON CXTREh rCOI3 FFYP MAWP FLIF FLOD HAIN11 es

c CGI P511 IR1 FUNCT OEIIEI INVt:Rr .11AftIX 110IIV)11110 C HISfltIN 94
c IIHU1LT Ito? HOWLV IfIAISE 1`16CROW IIXTX VKH I T1` 00ITE HAIN11 05
C PROROWU K04O ft1110> tIEW SET OEMO SCRO&A TK3I$6F 1111111 S0
C EXPA*"0 hAIN 97

:c FUNC; HAIN 100

c FTXP HAIN11 101

C Ff7. 111W11WX

C 6TAID TIX 1111111 IGO
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4J

C' Ff2 "AIN 109
C STATO "A :IN 11
"C MFOD HAI" III
C FrUCT •AIN lit
C FBIN MIEN 113
.C FUNCT HAIN 114
C .V$QRT ihAIN 115

X-.. .. FUNCT M•NCHN M$ClROM HINAf 116
,'s. -c " W t;i. .in t" 9 .C CHIIP 6 O"I lSC ++ D ETAX . HIX •I'MP 6TATO tiXnt 120

C HAIN 121
€ -. CO1 CHiZ GAMtP +TATO HtMIN 322
C INAPUT V , IRN 123i S

c O IN I T HAIN 124

C :NLVCHK MAIN 3
C IVERT HAIhN 126
C LOOKUP HAIN 197'c ONNHIT MINt t 120

C HDAHAD HAIN 1•9
C hXTX HAI ISO1
C hTYC0OK HAIN 131,
"C .FIRYVEC WW NERI INVERT HlATRIX HOtM i flO RItC 2 MLT MOP MAIN 132
C HOVE MRAISE IRZTX TIANSCr MIl •33
C NNONE H " T'tAItN 134
C ASTER OHNIT HAIN 135I r NONrLA HAEhINE 3
C AOTER M"N 17
:€ ONON HAIhN 139

TT IPUT MAIN 139
COTAT HAIN 140c AST.ER HIAIN 141

TC LD IHAINh 142" 'C"c PRIMI ARYYE:C CHANCE WIE:tI ERIASE EXCHIO, EXPCON, EXTRENI MAINt 143
c FLIP FU.NPCT OEVER:I IN.VERIT tIRTlRIX 11D,;AMMl MMMEC HKiI~r.IIIJ HINl 144
c hOP V'OYiE MMRSE H&GC-10t H'XTX , PGHOTIE F90,41311 'MetX llrll 148
Ic SET U•TOG.;ORDZPR TRA,4&r RUtN 146
.c PROMtA Hun~l 147
.1 ER•ROR OHMIT• )ECUTE: IMINI~ W
c READO M , : AINi J49
c aHNIT "IN ISO16
c OCRA11 lIA111 151
c INVMtIX INVERfT hATRIX IhOAM IGA 11C2• MIULT HlOVE IITX HAINI 162
C GPINV TRANISF' "AINl IOU
C SEOIT "+AIN 154

C .8il OIAI|T ISO|Xlt
C , I NVPIHI HtAMI 167
c TRANSF' IHC;.hot" ISO

Ic f1XTX HAIN 159
Ic + TX HAIN. IGO ,

1 S

,, T I . "
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kN. - - . - - " - - - - - - - - - .-

SUT "fflll 1Xf63 UNY hI

C VC OR IIAN 16
C DFN U E ETE1FNT h&2 HCO 01T. AI 6
C OK"pl 7

c CHI HAI 7

CH FUNCT GTfiT0 AN

CAGI HOAHifl HI&?C2 11?HIRNKYCOGr Pi tn1c c om hI 8
COW XCY*IOVL1Y#1TYPE MI 0

CAL PLOT~tI.J.O HINlo

N~A In$ ''

CALOHIIT HAIN 109
O LGR1IZJ3E HAI!N Ina
CALPLOT12O..O..08) MAINI 301

STOP 'MAIN 302
END HAIN 183
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SUBROUTINE MA~TRIX PIATR I
COW103N / M ATR 2

COHNfON / =3LCiiO / CHAf~ )Kt$.~oAc1gunq, 1fTtH 4
I PRtOW.?RCOL NAR0O3 VNXYZ( 5 1 HATR 5
C0HN0?(/6CtflST/fl( 0t) I¶ATR 8

COIfl~~4/LOCE/uli~.( ) eI .2 *X3~LGMATH 7
Cum~ MRTR 8
-C TH16 SUBREJUTflJE 18 CAlLLED IN RESVOflSE TO THE~ C03P1AHO.3 KA00s fSUS. TIATRl 9
C I1TRAN1o~ RTRAY6. ARGOO. fSU3 A3UI.T. *101IVID fiftfiliSt 13CALA. - ?ATR 10
C I18CALAR AiND GGflL.S1. KAITR It
ýC UZI - 4A00O M ATH 12.

CL24. - t1SU'J HATR 13
cL2=3 - hT~FANS.AT~fiffS .:IIATR 14

-C L2#4 - PROD PHRTR 18
C L2t-S - ASUB KATS 3
C L2= ANiULT MATR 37
-C L2=7 -RnIVIDE liATR 18
C L2=8 R P~nISE h.ATR 30
C L2=9 - flCi'LAR~l¶0CfLflG.CALAR NATtt 20
C HswIATR 21

hflTS 22
[cut ýPATR 23

USOI4P:N3OW MRT3 24
:.C Noma MATR 26

ziC CiiEC9 TO SE Ire HE HnV CORR~ECT NUH50E OF AROUNNTS HATR 26
C IF tlOT 140 FUflTti*R CHECKINAf 16 DORE MATR 27

ir(L2-3)100,12O.140 "ATR 29
Cu100:2z::;: :. E 7 00 TO 400 iiT ii0

ji * - 120 I00 GSL..SIA00O4.RU550O aTO 400 IITRT 92
400 TOCAO. SR~ 10NATR 38
140 GO TO40 HATS 94

RETURN HATR 37
C m hfirR 30

C HlECIH TO GEE IF (1I.L ARI1G1ENTS FIRE HITW0ERS MATR 33
-C IF NOT NO F'URTHJER CNECUNI) 18 CONE hATS 40
C ustma KATR 41

60CALL EROR(3) n 4
RETURN? hAtSt 46

A040 N2t=t1lRGG-2 hAlTR 47
Srt..E.3At~XON) 0.0)G TO 020 HNlTR 48

lF(NAhG4.OT.?) 0t) TO 600 flATR 40

CALL KATR 6
lv(ZBP) 600.020.0800 AR

......
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t~ONATO 58
G8o tIR0upto 0T 57

JAR3tO23MfllKXdNO 2+1G) "AITR 59

"MTIR 61
CTGO T 0 HATO 01

000 tID(10)zo NAITR 62

* - .. OOTOOO TR 63

'hATR GS

*- -00 850 J=3d"AiIGS 'NRTR 67

6060 tIzH-1 ?1ATR 69
900o ir(NqtnRs,.GT.9) 00 TO ISOO HAIflR 70

JRR~st 10 ~~In~ 8 10a TR 71
iflGSC)~Ili~~I7 tATR 72

-. rtL2gd.3) 00 TO 1800 IIAT7I 73
JARC-(DWA.RG&S(41 HlATO 74

00 TO 1400 HATO 78

3300 JAG8(8)x1XflGSt3) NIATO 77
Jfl:GS( 7)=10308C 4) NAIR 78
tUI0I4P~al NATO 1IS

1400 JFrflRR06.GT.7.0l.L2*LT.31 00 TO 1000 NAITO 00
Crnwa HAITR 03

r 00 TO 1700 "AIIR at

CHCECK TO SEE IF OthE11610,48 ARE CORRiECT Ir THECY ARE GIVEN HIATOt 04
C IF NOT NO FURTHER~ 0CHCKING 1 DONE H1ATO 05
c mum NATO 88
-1500 IPJ CC .E1l0L)0.A0C)N.~~O8100 TO 62.0 NATOI 07
1000 1AR0SLIM)IAROSM~4 IATR 00

iAR~t1IflWOL) ATR 09
~ju3 MIR 90

1 700 CAL.L MTXCHII(IJ) HATO 91

370CALL KIMR(0M1 HAIR 9
RETURN NATO 94

58000 CALL. PLFSK HATO 96

fNAOT703#LeXL*3 00 T0.1800 flAlR 0j

Do TO2000 AIR g04
1900 2100POM THA IRh 100

tIATR 103

h1ATfR 107

"" 50 ZOJ NT 0

0- - - *IA HAI 107 ---. *
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"00 3540 1ulI1I3* -HATSI 109
00 TO t4ciO.i0A2OT0.27.5e.1O 11

2110 G61ON2120TO N 11 I
2120 RL 1 I CUAoltURt 111 HATR 113

GO TO 3500 HMT 114
2130 Mli 2140V TOJ N1 IAR 115
2140 fl~l 3RC( £0 )-RCtLa 111

Go0 To 3$500 IHfTR 117
1150 ANIO0N 21CO TO N - fATiR 11t
:2160 At I HC t 1cflRC( 10 1 HA1TR 119
-1 0 3S C GU7 TO 330 1.R12

-21.7 Ir( LSRCC M11Gt.1.-45O01 G TO 2180 ýHRTR 122
fit 1)=. flRTR 123
GO TO SUOO? HATR 124

.2180 HA)iC fl/C 0 TiR 125
00 TO 3300 HATR 126

1190 flSIOC 2200 TO H- KRTR 127

IWA1liHR0U IIATH 129

GO TO 3540 11ATR 150
2310 MSI10 2300 TO N HATS 131

320~ 11(l). 2(C15.CU) tIAT 132'
5500ItJI3~~ . HATR 133

$3540 CONTINUE HAfTS1 135
J0F:I~r1J~6rP TR 136

o p~ i lWm4p RATS It37
3560 CM~L SCIIAHiJoZ) RATR 130

C nH'i 11fR I3O
C HOIVE REGULTS FROMl 6CRflTCtI illE TO WRM08tEET 110TH 140

booum .HATH 141

013 4000 zt1.:15 MAfTR 142
CRLL 6RAIt~olflJ.) MATS 148
£CMI?C )IATIR 144
00 400 ZC) ollt 1)ATR 14U

408 ~O4T~1UEBfTI' 140
JCP=ICP.lO1 IIATR 147

I.4000 COtITINWe IHATR 1130

Emu HATRT 162
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PilSUBOtUTU14E ?¶OSM1f!0 NOAH I
*COrtV/ULOCXE/PthiE(4J ot.I.L2,18RFLG tlO$U 2

I N901011COLfl~sO3Y.Z s)HORNl 4
COMMMS/GiRAT/At 00) HOAK 6

'~fl0I / r NaARU 6
1.IoNEC03( 19.5) .¶1AVCiflC.'lVE.tIFLAO NOAHII

Cmuu HOAR 6
-C THISG SUXOUTX~~IS MCALLED IN RESPONSE TO THE COtISHIMOS HOAK1 9
C MACO) Atll t)CI3fil . flsit 10vC' L2 4 - M(AD)Moti 11
C L2.5 -- h C0A) HIOAK 12
C HUSHi 1trn i
c CHECK1 FORl COR~RECT NUMUtCR OF AftGUfETS.- NOAHI 14
c "OAhI is

IMtIARG6411C.7) 00 rn 170' NOAHl 16
C "*a OAII 17
C CHECKI TO SEE THAT ALL ANGUIIENTS ARE~ INTEGERS"a"1

JFCJ.NE.O) 00 TO 160" HOAK11 22
C mobs" MAN11 23
C CHECKI TO SEE IF ii~ctusizs tnnE OUr OF RANGE. fiWAI 24
C AND G0ISPUTE ADDRESS OF COL.U1U H1OAK1 25

C hWCALL AUREGG(6.10p3 ,hDAI 27
IF(IOP.OT.0) 00 TO 50 HORAN 20
CALL VIMOR1C 11) I10HAK 29
RrTURN has"11 30

50 Z1RHPfAH~()1119 31
IORGC 0hI r.i~G( 7 h111" 32

JRt)JAR060 8C364) HODAR 34

CALL 11TW~III) 160N 368

16 30 CALL E!~RRC$ moo" 38
RETURN Nunn~h 30

170 CALL. ERROR[10 ) HIOAK 40
AETUfliN H10111 41

180 CALL. ERROR( 171 MRA 42
4RETUR14 91011 40

1SO CALt. ru.it'l HORN1 44

MJ A,166R4.I,) ItTWN 1011 46

M1F.244-41 00 TO 200 "VAR 48
I1~"CAON 43

I 2=1 WW41 50,
ca TO 280 OVA"11 31

200 1101 1en 52

960 111=10044), * 101191 5

. .......
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00 340i 1=1#r Il? 58

00 3C JIOJ huflfl so

"l'io" 615

ý300 CONTINIUE NOAfHi 62

Iar~Io...HIOAKh 64

840 CALL SCRflM(I.21 linfihl a8
00 440 I=I.1P "DANt 60
CALL SCRAMIi(.) 1jan11 67

00 400 .uJ=.JP tGIfIh 63

400 CM0TNT1UE hODA1l 71
10=1i.NiO11-jr 11PAII 72

440 C0NTIMEU HOIID 73

4CUR 1103
END Will 9
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SUBRO(JTIME IIIGC2 nice I

RCTIJN / 111c 2AO TVIOV10.45O I 40GO *N LW1.26
JCI$tIM0,L1 / LOCRU 00S 4O7

KI$C2 Mac1

EaWRLENCE) (ARGSll#RL240))1)c
C 100 1 HIt Tal ?SS aw 3

75 flL. t~CO(J1HISC 10C TISF(J.L OUT) ( I S )LOINRSOS TO T60OMND fe 3

00 L2=0~1) - R CLOSEI -1 is

C r IL2=3 t.1 - HOTErNt NIIC 4s

"C ISC 18
C =AG CLeO 1 1CC 4

14.0 co To3 402Uf~G HISC 40
10 K = ZIIG~bJ H165 40
20 CAL RO A 11ISO 22
30 1 ICUR W1- C 23

. 10 11'tM 13H1.fI-Eam) 00 TO 700 HM15 25
So ft 3 Me.1. 1156

noto to.1 nicelLW1,& 27tJ11U1 ~

- ~ 7 -10C2 - nice**** to..a- .. . . -
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X3 K mmm 111Ii6C 56
OD ISS K2 ft1mN3 * 111 67

153 Alct It! -1I I= CC X~2 3 nSC so00 TO 145, "ISe so
160 CONTITNUE ie6
161 IF ( M .E~Q. 0)00 TO 180 111CC 01

M H A -I M I Me1C 62
00 SCO I fl.M1RMX 111CC 03
~JI =~ .3 11C 64

too VCi) 1S 0.0 Me1C GS
313 COIITINUU 111C Go.

CO TO 30 1116C 07
C H.,R 88 6
C COUNT 61C 0
C 111CC 70

Oc0 25, Iml.cmmiix flISC 72
JJ=J-1 "Ise0 73
1VU1CCkjj),e.t~jIO. 0t o 200 IIISC 74

250 CO1 T T 9HOS(21 1IC 75,

00 T00 Sa "Ise 7fl

32 &HOfRIC,11L~tL&)C 03 1116~c 07
561CXt 1116CC0

30 MC HNCJ T $70 els 160 1

1 0010.4M it7 1116C 03

32 MA(1RM.LTj.at1C(1) 0 To 30 011C 07
3w "Ko 1.i)~4 11160 00

00 ITO 1A 37 1116C 07
330 """ix 1 H~ -I "Iser UE

00 YO 370 HWC a01

3400MRO iEU Lft..91tu14 00 tol 10 I1isc 92

* ~ ~ ~ ~ ~ ~ ~ G 33 I( Ict:3 d1&.0 11 lUg1$0)91C 0

'i I I 10

J JIS141 I h -%IC 9

C. -is -.
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* 24

CALL RA0A68(4.K11 t8 0
IV(ftl.LE.0) 00 TO 60 IIisC Ila

111cC III
MKI, -N1).IE *0) 00 TOL8 ASO3 11M

bCALL AhtCEc its(UG( )
1VCARGSIS1)*LE.O2 00 TO 60 ItISC 114
w -Z rn0wt I - 1 "zoC 115t iJ 450 I=I.N~hflx ."Iselid

if. 4508 118iRC J Is l

00 TO 480 H It J O
460 00 470 Ida10R~tlX *1180 120

I420 Atli = 111MMI1 hide0 121
480 u 00 500 ..1=2.3C

JPM(~I1Q*Jfl RO8C131AR08t) AR I1150tI " 123

>. 500 Cdflfl3)-C-0- 00 O 60 -%1180 125
IMIMAXR~.L7.1) 00 TO 120 -1118C 128
MA,L PLUi 118 127
IVWFLflO.Eg.11 RETUR~N #116 120
.CC u A1M180s 129

570 Or~ 500 10rUIIAX .."IsC 130

380 ACMK = EXP2(fAtl).CC) "Isc Ift
1rAa~-f~i(l~S~).0.O100 TO 30 I'16C 133

CC =CC 9901-53) H1160134
1 AROS fRS(4) IIR84 li1lac8 133
CRLL3. fl103ESS4.'Kl) Iliac M3
1F(KI.LE.01 00 TO 30 lilac 137

00 TO 670 mica M3
C NIC1460 i
C DUJPLICAlTE H18C16 41
C 111-SC .142

600 IV(HARGS.NE.7) 00 TO 10 #1180 $43

miVcJI.(3) 03 TO 60 118:145j

1ARI~0911 NG6C111 #116C 146
00 MO 1=2*7 fl3160 347

6SO 1C 153

ir~~i~ 00.00040'11We 1133

640 K z 17 Iliac P54

668o 1F(1ifpfl) .LT.13 00 TO GO Is 359
CALL PLOII ftIVC 167

ZC31 1#hO.C0) ETR 1116C Ise

LON Sco 16800(3) HIM8 101

30hid o

LONO IM M 1.116C 1I
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00 705 lz1.LUJOE RISC: 363
11UXy ?IJsc 164
00 700 Kul,01.0t RIiSC too

700 hlz1tl *I RIC 107
CALL SCRAII1,23 '1116C 160

'106XY c V +NROW -ISIC 369
3 1Y:fi~GC5) IlC 170

.00 730 jj 1. IEND :hISC 173
JX=I Y KISC 372
00 WO 1-14NI.HX RISC 173
CALL GCRAMtCS13 RIISC 174

00 710 h1-.i.L0110 IISC 176

720 IN I X # N."olI RISC 170
'730 IV XY + LL1NO 100 ot

00 TO30 "IJGO 301
Elio Wa18 102

..........
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SUOROUTI!IE IllULT MMUIL- I
COMMOCN I Lcf/D.ftlOt7.AGGfR2*CL0.1W I HKIIL 2'

COWtlN I 6I.SCXD / RH2NZS6)tU033.lGRL6)J~1X UL -4

HIIUL 8
COI~nO1116WA~sT/At 00) RU

C seam* NNIUL 7
C THIS SUBROUTRIE IS CRLLM IN RESP~ONCE TO THE COMWAfNO HIIULT. HHIUL. 8
C &seauID~J

C seats fiIWu. is
c CHECK( TO SEE IF NIE HAVE COR~RECT N4UMBER OF ARGUKENTS Hf"UL 12

SFlVARW-0GT-10-0,1,NARC8-LT,71 00 TO 0110 HIKUI 14
C "KU IIIL 1s

c CHECK TO GEE If A1LL A1RCUIIENTS AIRE INTEDER6 MUL 18
coo JZNARGS MIUL 18

*CRLL CRINIZOJ) hhIUL is
IFtJ.HE.0) 003 TO 0103 "K OU~C IUL 20

C HMUL21
csntuCHECK TO SEE IF 011I1CPION AR CRRC HIIUL 22

C "KIUL 23
IrWAR080G.Ea0) 00 TO 040 MIINL 24

1fl~~t0C'~CWV0-3)AWhL 26
IF(09.08.04 00 To 830 1111U 27

)f~WS 0 )fOt~tl- ItHUL 2
I1V=t0640E(.7) 00 T3 020 litul,, 2o1'colt~d..Ra0Nl) 00 To 0103 tINUL 31)

11110 S 4 4WUIHUt. 31

1NSTO TO II n33 4 "L
I¶IIUL 30

0 O 3 1 IrnUL 34
CALL hTXhULJ MW 54

00lV~tsiw6() 120J.0 03.0 )1 C- TO. 416 1
1100 JC0L~flL )i1 11.4

C r 01110 0T eW24 MilUL 40I C EGI HUTU'ICO$GNtHlUL 42
ZCOLA~J"KUL0 4)

ISEW11 103#103PC1 1$ ILIN 46

.20 CAL11014L4jCUR H"44
C4
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I *5R0P I:L 57'

Do 20000 9i104COVfl HRltL. 58
At RA McclIn iCt la1011 U HIIUL GO*

3f~4l.II04 i~UL 01.
Z5:C*1ARfUL 62:

3000 CONITINUE HIM.L 03.
302 5fP~Z~U~1 ItilL 04.

VI~LL 6011CfllCZ4.) "NIUL. as:
5040 IL=Z0I?.NIWI t-tUL GO8

C woman MJUL 07?
c Mv MAIN~ U8U~FlOGUCT HHfUI. 00
C movow RIM 69'

1CrIAR0GL3 IHhUL 7M:
00 0100 J=1I*C0LB HIMIU 71

Cu~l 8CIUI(.)NHUL 72

00 O0 1,1OWROfl MRlU. 74
UC( C)~(Z)HtUL 75

1CeMZC41 HHIUL 76
8080 CONTIZNUE 0104 77
8R0D 1CHCPUHO IIL TO

RE~TURN MIUL 78
0103 CQLL CHRO~MS) "KtUL. 00

RECTURNI UL 82
8110 COLL UPIRMi101 il

RE~TURN~ H1UL 03

(~E1flHt~lUL 05
0124 CALI. CflWOL4) ItliUL as

RECTURN IitUL 87
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C 37 96 SUBROUTINE HOP .7 10 73
SUORMITINE MiOP
CONNON / 8LOCiKR/h?,ODE., ,KARO (7?) .KRBG.ARG.ARG2,NFHC0 (19) KRDEND
1,NEIHCOS (19.10).KSflVE.NSRVE.NFLRG
CONHtON / GLOClKD / RC(2439).IRRGS.C89).KIND(39).RlRGTRB(SIldJRNAX.

DIMENSION ARfiS(1)

EQUIVALENICE (flflGS (1) .RC (2401))

COIMlON/SCRRT/A (21100) , NS
DATA ONE/1.0/. ZERO/O. /

Cwvvw
Cmwww THIS SUBROUTINE IS CALLED IN RESPONSE TO THE COMMANDS FHOEFINE,
CONNw ROEFINE, H4EMQ, AZERO. BRASE, AEASE. IIIQENT. NOIAG.. ADIRG AND MT.
Cuummw L2=1 11DEFINE.ADEFINE
CNNNW L2=2 HDIAGflDIflG
C"""" L243 lZER0, AZERO.HEMASE.RERRSE
Cummi L2=4 MIDENT
Cummm L2wS MTRACE
CHOI$*

00 TO (0.0.8.9,5.S,5,5.6,5)L
100 IF(NAAGSJl'E.4.AND.NARGS.NE.S) GO TO: 10

IF (KIND WAfRGS) NgiE.1) GO TO 3
IF (NfllS. EQ.t- ~l) RGS (4) =I~fiCS (
CONST=SR~GS WAfRGS)

* , CONSTAPORGS IN.I-06)

*105 COLL CKINO (J)
IF(J.N4E.0) 00 TO 3

:1 ~IV(1EO,10) Jaz2
CALL H7XCIIK (JI
IF(J.NE.O) GO TO 17
CALL I10K
IF tNFLRO). EO. 1) RETURN
Jfl'I RIWIS 11)
IM(24.EO.I) GO TO 280

.00 120 KAw'1.K

110 JCuJC~14IF(KA.GT.N) GO TO 120
Be (Jn) wCan'$TA

120 JDsLJO*Nfli3I

IP(L2.E0.4.OR.L2.tQ.3) G0 TO 100

CONSIUZEJID
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IF (MRiGS. ED. 1) GO TO 105

I.CGo. TO los T
10COflST=AEON

J-NARiGS
IF(NRVIGS.NE.3) 00 O:7
IRRGS (4) iAFGS (3)
GO TO 105

170 IF CIARGS (3) NE. IRfGS (4))1 G O: MS.
GO TO 105

80Jx*NfRRGS-1I

C~tZ3TA3ZERO
I~~~GSNlE.4.AN0.NAR.GS.UE.5) GO TOL.10

CALL. AMOESS(NABGS.44)

00 1^3 HAMIA.
A (MA) ORC (M)

10VNNRAGS.EO.S) GO TO 170

~8$(5) a I ARCS III)a4' GO TO 105
M~0 AJT3AnGS 11)

I P(K I HU MAflS) .EQ. 0) 00 70-220
CONS7411103 (HAiIOS)

DO20NAml,N
Ile (JO) 401f1S7

220 no 230 NAAI.N
Re (JB) 09 INS)

230 ju-JaJ.1#04$

I i~JAMS (6) at
J4JARGS
IF INF1SIRM E. 6. RMI. NO1RM M.11) GO TO. 10
ik 0I4118G¶3.MG) 00 TO 105
WARGS (5) PIN1GS()
i RFGS (5) a I ARGS (3A)

on TO MO

NallO N~lEO IIAC 3 .G 4
00 27IJ IflA.1.N

I CXm IflIGS (5)
RCUC)TIC

.1' ~IMIET
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3 CALL ERROR (3)
A - - .RETURN

'10 CALL ERROR (10)

RETURN

11 .CALL ERROR (ID.
RETURN
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II

S•tI3•IJTtlt II•EhOVE 1

6110ROUTIuE MOVE: COMIM4IO / OLO e IO 1OVE 2
i 3 ~~~~,H'EIICQ3GL 19.5) +(.VE.zSvrc. f1J1+GHV

MICH~nt J ULOCKO I -MOVE 4

A tRG I I HOVE I

CQTUIV.LENCEfI1ARM )I ,CL2401 ) C.(IC3.Z 1•X 4#SOROS( 43)) HOVE 8
: HOVE 0

STHkIS GUDMOUTINE 15 CALLO III RESPONSE TO THE COMIANS.n HaVE* HOVE 10

C GLOBXT48FFR. AHOVE 930 UIIBOVE. HOVE 11

c HOVE 12
iTf NAROG .EQl. 0 ) GO TO 70 HOVE is
N I u 0 HOVE 14

:0 CALL E0=1 K I HOVE 1t

"40 K a .0 HOVE 17

0G TO 10 HOVE 18

50 K a 17 HOVE to

GO TO 10 Nove go

O0 K-3 HOVE 21
GO To 10 HOVE 22

CIALL CKIOCJ) HOVE 24
IFMNE.,O) M TO 40 HOVE 20
111•S( 17)1a HOVE 20

S/ROSCOI%1Z4 HlOV" 27

C/ILL tHTXCIflCJ1 IOVe 20

IF(J-1 00.•30.50 ROVE so

,0 CALL PLOIX HOVE 31
IFItfLAG.C0.1i !CTU|HI HOVE a

00 110 N~144 HOVE 34

D I 0IANOGL 1) 
HOVE so
HOVE 33

1 00 100 I.tai HOVE so
8111 )ifCU 23 HOVE 37

S100 1 W•I141 
OV S

C~tL GOROHI 5J.2) HOVE SO

I 110 |t,- 310O!4 HOVE 40

IWIZ~ODC U) IIOVE 41

00 210 1Z.114. HOVE 42
"HOVE 43

C'LL 8Mlfloi.1 HOVe 44

HOVe 4000 200}•R 153t) HOVE 40

to ,t*1 IlOVf 47

,010 2, HOVRe 40

ca0 t.t*fl14 toCYVE 40
Elm fhOVe so

" .. J..

itt

- -.- - - --",-,- -



249

SUB8ROUTtINE r1RflZI~ IRAI 1

COWN1ict/ 040G.O0t t 61 am~ul s M9 4

RCC4O3 Co"NsRTa Oiftal a
C~ n~/C~rfLtC flRAlI 7

c TOIS SUBiR0UTUIE IS CALLED IN RIZPONSE TO TiIE COflflAt4 HIM16to MRI1

'ISIZECIANGsts3 tRAl 12
C unavtRRI 13
iC CHEW( 1NUIOEI OF ARGUHENTS HRIRR 14

ZfhOt4..lIRW.E.)00 TO 10 hoaI is

C CHECK~ TO SEE If' ALL PAfGUIIENT6 AR~E INTEOER tIRAI Is
C Melo MAIR 10

IFLKIaQCJ).N~sO) 00 TO 620"RI 1
200 ~IngstlRG~siJ tRRI 221'F~(IfRGS(S-2 1 TO TO 9 "RA

HRMI 24
CALL CKINO(J) HRRI 25

00JEQ0 00 TO00 "ol2

~CnLL ERROR (3) IIM 4

RETURN go~ULOIO III4

00 TO 2I00 N1)S1

WI3
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5C0YN0GCHIMRA 67
Do 4020 Z:l14812 "RIRR so

U'~ZPt"RAI a%

4050 Isa=6RVZ1MYIRD11~ fRRI 62I 4040 ZRftlft?,& ARAIU 04
4 RETUIRN as1150

4050 Sf0 5040 Kuil 0hre11 1111 08

GO TO 4070 HRR10 70
4000 IMl-IMIGM~) -BRA! is
4070 00 5040 1=10161?E H1110 72

16RV --1610v? IRRI 74
£123zfe IIRRI 75

C MRE 8011 OF ftATRIX H1110 77
C auto" 11111 70

00 4000 uJza1.18ZZ HRS! 79

"BRAI at

40110 CONThINUE "Rol14 02
00 00,20 J2t10!13!E "Rol91 68

$00CONTINUE "IRol so

500 CONT111UcC "Rol .92

100 CALLTS1~f10) 1111(4 8
Hafl s

RETUMI "S Sa

not Sol
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4 ~2SI

SUB1ROUTINEl 1ISCRONHSR
118CR 1 1

IýWhfj .NCI OUL10. ,1RENiV.1f4) 11CR 4
COU11CN 4/ L3~~ I 4C243).181.TIM.GAOC1flfX 11SCR 4

:E(WLENR 91#11 0C
Z~tI~lRG6G92 lot T3#11401

ýC THI SfUSROT N I0) CALD1115PS OT44HIAO AGNMCR 14

RFTRN118CR 15

IFPOdIGT.0E4) 00 TO 40 15R1

QCnLL. ERR1OVID) 118CR 14
AETUZIU 30 i

60 CALL AURESSL IAoS J2 I 11SCR 20

IMINIIRXGTfl 00 TO 040 115CR 12
60 CALL WORM010 11CR 23

-BETUllMI 16CR 24
.40 VI(LfL R08..TS2 0 70O~ J20 I 1CR 25

jrcj2.LC*O) 00 TO 10 113CR 21
IMPU1 NA-G8-3 00TO14SCR 22
CA(IJLL ).t~ 0) 118CR 23

100 100 ZIM.tI.fl 00to208HCR 26
IV InI2 (3.L..0.IRCC).TJO) 00. TO 10 11SCR SO.

100 CO00NU 115tOR1 CR 20
IV12.fT43IIIOUle* .E.4 a) TO so

Cif M111)(1 116CR 32
I riLROGt f1) dLe.03) IRETUR A)11509 O O 0CR so4

)IF112GS.T.1-11-4=6 4 00 TO 170 "S0CR 55
CAL ?LO "CR 53

C OimiVos.01 OIJ.0TORI. 110C tic 7s

c 115CR 44

0015 O3OC2c1 1160C 40

F, 100jj 41CR 41
.160 CALL MI.OR 1CLf& UG 4

RIVTURNl).0 "S))iJ CR 44

j a JIX.O 113" AO I4 MSCA 49

IN- -L1 s -L C -A tis.1.4o
Do YO160 14CR 6
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22 J1.128 IHCR 60

C c J2 R16J IHCR 68

00 L2401 21s0CR 69

J11 25 A I 113CR 64
4J2 a 2, I118CR C5

Int i .eas o0)0010T 239 110CH Co
RCI .2 1 Ra 41C.2 -1) I C I .at1I3 110CR 67

0010O240 h~o60
B~TUU 11CR 71

C fwO 73,8 I020tu1t4~~18R7
,Ju 31 *I 11CR 78

C~ ELHOLfeCC1)a 1CR 74

j a JI *6RdLI/f~1fX 115CR 70

Go TO 1ea 110CR 78
C, 11CR an
C AVENGE# SUll ENTIRE RON 18~ 01
C 116CR 02
300 00 310 1 a ISNRNAlX 116CR 05

jmJcI + I N0CR 94
AD$E~l a EL1.l1 *1C dcc ) 11C I88"o l
jrIL24E1.t3) 00 TO 160 HO 18CR9
CMlla uEEI/MrmCR 07
LUG TO10 HCR an

MCA -N
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SUBROUTtive flTICHR(CJ 3ITYc 3
C~tlWI /OLOIW /1 ITXC 2

C N1Xc 4ýC THIS SUaROUTUIN 1$ USGED TO CHECK To act if snesmg1 MATRICES IITXC 5
C ARE LEGIL. "nTG 0
C JI A6 INPUT a NO Of t10TRUCES TO GE CHECKEDO 11TXC 7
C SPROSU3 ~IG35...Z),Iu- 3. t1) RfLTZN 00R Or MART HT(C 8

C 3iRO~) IfI CG~...UG3(4J1),) TART1100 C*LUNNtO LW $T ft1TC 8
C U1iRDS(4). I~tGSLO).....1E1lG~t4blJ-1),4) NO OF COLUMIU flTXC 11
C UPON REITURN t3T)C 12
C JI*0 If ALL "A1RrRCO6 WE 1100 ROMHEET HTXC Is
C AiND GR 14
C MAO()1f0t3..Zl0tuI-)1 ILL CONTAIN OTARTIND ItTXC 15
C POORE66 OF HATRIN 1HT1C 16
C .J OT !ErW IF MtATRIX 18 NJOT Iti WORK SHEET IITXC 17
C ,Jul 80HE 00 UUIGS NEGATIUVE, .JoZ hATXIX TOO 810 FORK N0OXW3IET I1TXC to

C ITXC 10
JOx4mJ NTYC 20
j = 0 HTXG 21
D0 100 £1=10ja ftTXG 22
JZrZAROS(I).OT.0) 00 TO 100 HTYC 23
J=3 ftTXC 24
RETURN NTXC 25

100 CONITINUE "TXC 26
Do 120 IV1.J904 IJ.TC 27

*rE1RG st t~cz.i-i1.otjuRaw3 0410T 130 NTXC 23
I710(I1)IGC.8-aGTCO)00 TO) 130 NTXC 20

* CALL ACRfE63(L1.14 .d3 TxC 31
2101I~qG3t I );JG*ImjU ( £- )' TXC 32

BETURN HTXC 38
155 i~2 T)C 834

RCITULW h Tx~c 35
END TXG 38
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SUBROUINE~ n)YTX ftTX I
COMMION i OL m/l~f.t.~l~C73d¶GRGM~.IUO 0 I(,~43 txTx 2

COlnCH I LOc;NO IRW4,38;1n oAR 031KIND( SI .GT~AUSS1).WU1Z ?IAT%

C0mtHONI/EZfTIWA 1803 h~
Rem Hn~c a)
C T1116 CU8IRGUTIMP 16 US3ED TO EXECUTE Tf. COtU1ROS RWI~) ANDo MC')*. 10

C. L2u I H(IXX3 1IXTL 11
Q L22 - UtXZo MXTX 12

6 amms HxXT Is
c, CHLC1K FOR COVECT IIumIER or maumltnT WITU 14
C. CIWCOZ WHET110 C0U11MR0 1S ~WUAL' OR M11101X fXTX 16
c. LZ r. 1200 11U'l~ L2 a2. 1=O03 0T-, 6 RMNGZ4 MWAXI flXTX 15
4 Nomun NYTX 17

GO TO 1100,10,20,40,4O'0,50,601,M HIMT is
10 If( flJR0S -LE. 0 1 CO TO 100 WNTS IA)
20 L2a 4 - L2 HlTX 217

CALL. TRNIFIZG IIXTx 21
RZTUN fXTX 22

40 CALL tNUPARO I¶XTX 29
.BTLU?1 IIX 24

00 CALL. flRYVEG h.V*T 25

too irfin I1vO , sUE m . ortaw Ned. o i 00 To 210 flTX 27
9 sa"XtTX 28
C CI$!C1 TO 6CC I9 OLL XCTJ&ITG MM~ £NiTC1I hT3( go
c mubaa fixTX 130

J=1lP6G HTX 31
CALL C31tO(J) "XTX 32

R~i GO0)0 TO 2"GttTX 99
c sOXs t~TY 34
C ClItCt T* CM it' 0I~~O8ARE OUT 0V IMMO fl)TX SS

c moonS HXTX 37
1*V4 floflGG.E4ra a 1 0) TO 140 MTN Ile

lpttf310 13crott -hAT) 40

~tCU0 ttTRt 40
200 4xv 47

COV. 04442'41 hXVX 4S

1920 M-1. e-1,1033 hX13t S2
*~~~~~~ GO mo~~~a~ ~ ~

240 Ow4IM n $
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*60 CALL FL6IN ?XTX 86
P~tI~j~.~8A) ~ETWI4I~XTX 57

Ir(L2,En.21 00-7 sea ft% 0

uoo~i XYX 02

SU ~flR43t4 I1TX 04
J~uftiGS(3)HXTX 611
IA0fl: IXTX 64
ZRD0~NR~l XTX 07

hXTX 66
InXTX *17

Ix -- -00 440 K=q41? tI*TX 72
141C~~t 1XTX 70
1R~f1?HXTX 74
10:0? IXTY 75

00 4208 ~Is1.JP I7
~ .~1C fXTX 77
~R~E~flO1 IXTX 74

~Du~t~W01HXTX 76
400 COT400 J1J DIXTX 77

IRP~R~s~l002 - 1XTX 71

Sf~14) IXTX 020

420 CON~TINUE~ PXTX 81
isr~i~.?R02ftXTX 04

f,420 CR11TICUR f LK 2 IXTX 6 4

CESIM XTX 00

hove FRO" SCMI1TCH 0020 TO 6TXTX 0

00 20 t4,~MXTX 00

man" IIXTX 04

HXTI 89
I1GCr)~1Z3&IXIX 925

CALL ERM*1 I iO4NT11I 5 XTX as

goo C ON4TINU E -N)TX 98

OeTUAM 11xTx too

too IT% Lo

,I
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Yi

A

t HI UVOUTFE! OSSCENCLES AEU OTEFRTNO-ETM0 PT N1
CSXLETTER# RHZCHiEVEB 18 FZIRST- TH 8sn 8II~LYPITN TNNAH I7

c ThEn TIIIT LLETTER. IT ISL~VT POUITINO ATI THE R8lT lUON-LETTEfl. 111181 a
C THE VZBST THREE CHARACTER$ 00 INTO THE FIRST 9090 Of NAME IilIR? a
C THE SECOND THREE CHA~RflCTLINS 80 INTO TflE SECONDO WORD Of NAMEh OV1181 10

CONTIN1UE NOAH1 11
4C COIIVESION Tfl8LE FOR? ELrIIO8ETIC 'ru MilIERIG GO USED Sy0111140ITR. Una"81 12

a 720 27 1 :,VO81114
0 1460 54 2 NOON81 to

c c 2107 a1 3 .111111 1S

C E 3045 133 6 "NAN1 IS
c 4974 182 a is1111
C 0 5103 ISO 7 OHM1 t0
c 11 6832 f1e 0 Una" 912

c 51 249 a NN118122
C dI 72S3O 970 10 ff1181 23
c xt c011) 297 11 NOON81 94

*C L 0749 $24 12' RNA" go2
c It 9477 951 1s 111p81 C6

AC N 1t)203 $70 14 11NAHl 27
C 0 10935 400 10 go1112
C r 31084 4~32 to 11118) 20
c a 12393 459 17 Ron"81 so
c R 13122 460 is RNA181 81
C 6 13851 5619 is 11118 32
C T 14lG80 040 20 DINAH 33
C Ui 155039 07 el NM1111 34
Cj cv 16033 584 22 "NO as1113i 1 15787 021 23 NN1481 90
C 11 17400 040 24 "NlAf 37
C y 58225 670 93 NOR 3441 6
C Z 10054 702 g0 ANAN 199 1
C quo"1 40

00 10 101.G '4148, 41
10 "IsIZtlkO. Ann"l 42

d uo 20 rm~t qu" 4
411811 44

- $VLLT.1.OU.I..CDE.27)00 TO 40 NN1181 45
IUSC():L "NAN1 48

to "A141 811 47
30 Z(f LTO0.tDhl.E3) TO 40 RNA"81 48

Hall* I ""A"H 48
041 TO 30 ""ANlf so

40 NAEI tUR ISIN 2111S #1"SII1 .4Nfh$I

DO0 IWAN* 54

No
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C HSFUNCtICON lIUflOLiRtI 60113 TH WA 19 TATN >THTE NN

C NON? CLENENT UN4TIL A l4ON-W.flNI CNARACT1R IS FOUND* U1 WILL POINT MONO 5
C OT IT ONDl THE VflLUe Of hl WILL BE fACTUKUEO fl TIIE VWaICTIONRL 'VRLUE.NOtf 6

I irgKmlROI134i.441o 100T 2U

AD TO It NOND 10
NCNB1 It

RETON CNB I
[140 CNB I
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SAVEy (141l2i once 3
L. .013#tl DES OF tflWO IN 3 OceIC 4L 4.4(43 lO0) 0PKW l 4oco 5
hVC 0(00#41000) onIce 6

LA BofOo.f L oceIC 7

C"co. 10
4L 8,911.0J ADDROESS ofKOHN a 'Once. I2

IN 0.1 OHICO 14
1I 0.0 041hf1MEND IN 11 oceIC is

OR 3314 (4-1 laaRaa0u10 I 11 i- c tIo 1
-Loop. IC 5.0(0.41 OnIce 17

ST 5*0(11.*4) -oc i sIO3
OR it's3 Onet

OC 6400 once -fel0
ICl TIL*0184l Once 27
ST Dr;LRu-J,33 once 26

TOM ccG TfUOE,C8 O"tCO 29

OIG TAMW3LE.'O once go

ORhG TAILLP4941 ' ChC 27
v 0 60P1u1(4 31 01t00 24

CCt MflCLs-6#2.' ChCO 30 .
20 C 10L1(374J.10s) ontce

ORD TflDLEC'C" One3
DC ftl (.Il424$.40.5O.O4

CC RL(37*4,41#31 hico 20
OIIG T11=4. #' 01103 90VC ALMS4) Oncil 40

ORG T11OLi~erl ONOCIC) 41
DC AL114O.451OlCJ4

~UDMCI~) 43
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EXTER33lL FFINT.E0fflHT oal 2

A sNEK1031 10.., 1 ltAYC .i48VC ANFInO, 011HZ 5
COMMION I BL(ICKO I C(4SZR3KNcS.GfIL1jul CHOY1 a3

Coln0;41 O4Qxrv/:4 011 .JR011#11IARG :OI 0
COHflOJ/bL0CM'/14flflEC 4) oLI PLZ48RVLG 0*t1 0
CON1.ON KEY#IV.ILYaITY??C 10
01h1061011 TEXTtZ) N1 12

C DV112

C THIG GUD.I0UTINE 15 THlE OIINITAB DRIVER SUBSOUTIHE. CH1KI 14
C Stull 15
C "IODE 1 - INTERPRETIVE MODE OfNNI 16
C HODE a 2 - DATA 11009 (READ AND SET) OHNI4 17
C ;Onez 10
C THE ARREAY 10l.10 CONTINfhl3 THE NW1ERtCflL REPMREOITATION Of THE INPUT LWINZ 10
C CHARRCTLRS. 01 FOLLOWGI CIINI 20
C a O D. Z 1, ETC-@.0 0# A a o0 a litETC.Zu5Em 3, a06 OHN21
C X3* - a930. # a 39 M40. 1 :41,:142p .43 011141 22
C OLP44K a44#ww46# 4 NOOTHER6 u40 OHE$I 23
C Chill 24

HDU:4OMNIl 29
uE~e-OMNIH 26

HAOJKA42147410110 OMBNI 97
IOVLY = A OMNIZ 28

JCALL GMtOD(ODHIT- OMNIZ go
CALL DISPL.Y((.) 011HZ 31

50 fot14HE OMN lz 11 2

NAtt14 I m

Jzo OIN2 I 11
O2 11(11EY -EQ* 31) RETURN ~m so

If(Ui'LAG.CeO1.0R.L1.EQ.01 C-0 TO 520 ~N 39
ir ICE.~I f~t JOI L 00~.OIL.B0 O TO 624 OhI40

CALL. 0n3;1161 U)&I~ 41
CALL 00PLY('RflhioY'.U0&32 00111 42
CALL 031"01LY' '#.I.'.b Ci) 43

.*CALL MtfI't "aoW1S~1 O 44
CALL OR111"LY I. *I OEM0 i'.) 1h 45

Go TO So$OMI4
W23 CALL O"n~ift 1001 ON41 40

Go TO U110 011.41 49

W4 .*4011s COL01PY1"'tI2101IsCOLN IK MIs
5960 RIT001919061ji 6

twa .1#lW15
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'1CAL.L ftfTCtttTEXT .NCV SL2) OMNI1 so

CALL CI~APLY1 TEXT N*CV 0452531115
CALL 0:31PLY11 .1*&45251 0N1H 57
CALL OUiDILYt* 6,145231 Beni5

CALL 010?L01 OANI 541
CS ". 01~OPLY(l'aIS.U23) OMNI1 60

525 CAlLL W~AIT 091111 as
IrCITYPE.NE.13 GO TO 54 OHNIN 62
IP(REY.LT.4) CC TO 53 OMNI4 as

4 i1'tfY.LT.16) C1rLL IIlK10445251 011*11 04
IMFKY-NF.22) A'J TO Uf35 0OMNI 85
COLL 6COPLT t(0 othI'11SHt .A11NG @SIZE G.PIM9 INT&O * RCOOE) 01OMNI 68
CALL CCO!'LT t1@10wi) OM1NI 07
CALL CCALII 011*1 08
Do To 525 OMNHI as

53 ITFIKEY.EQ.3) CALL. COIIHNWM*21 OMNI4 70
IFLHR.Y.CM.2 CALL Frintlflht0) ON41U 71

593 IFI; Y.EW.3) CArLL 01aFSLY9(523 OMNI1 72
Z71FKY.EO31) RETUi~N OMNI1 73
00 TO 52 OMNIZ 74

54 CALL INPUT 011913 75
C OMNI' 78
a &CANNIJNO BEG!INS Vt~TH THE1 THIRD CHllRACTlZR, THE FIRST TITO ME* DUMMlY ORNIN 77
c TO KEEr THE PROO99M1 OUT OF TI*OUULE. Writiff** TLE11I1RTE6 11ITII fl $ OMNI 70

NV~lG~ WIN! 81
11*2 BE,4 8

so TO1%H0 011110 a

CALLC.00 TO 70( 011111 Do
00maocs)c to oo 0111111 07

Co.TOUZ011W4 82

C Ch~C 3 l PONRTIN Nfl;THE FIRST OPCTAL 0: TE AR, S61BE R. 011"1, 90

C WNTD011*41 94

C * 0*1*4 07

c W11118 so

CAL X1111110*130

c 'STOP 011111 104

0 04111 07

00 a

cI
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c 8 ,V~~l~)U. 0.1 80.~ 0 O08O1 111
ix00 T o as30l~I 1

884 1.35roo~ci 
OIJ 11

.13 I(KG.O aV1-0 8.8.0 OMNI 114

Jr~I:UUL O1IUI 13)

00 To 203 
o0101i 117

Go TO 0i4 oribil 3)8
080 CfLL EWHOR17) 011

Go TO 52 OlINI 321
007 CA~LL EIVMRC 10) On"I~ 122

GoTC2 0 HN 1 124

c it 16 PIONT190 flT TilE FIRST NOWI-LETTR AFlTERI 1109C. LOOK FOR 0W ~

C POGGIBLE WInEI GI4flLTVIELI URf R3UR1NTS 011 tEND OF C41431). WOl? 128

C o " 011 327
0$ K~~flLOC II aN~1320
3FC.LT3?V)1Q~ ~Ofl 12.9

,jl'K OEO -.40 030 To 1100 Will maC
3F(I1.0.. 0TOiO OMNI 331

cO o 100 011111 133

LI ETL uvOU! (10 GULE 69COI1O IIIRE WCO 11I510D CUflLMVE~1. 0il

C OliN 137

C m On hll~l 142

jO1 10 01011 143
t o W e 0 1 0111 3 1 4 4

G OCvlt ArkINCY wUC11 1a flWl 0E1 OVC111100311
100St1 1 i. lil 40

(13~~~, 39 A0 103~ *Ol47

01011 110

10 jn o 011111 140

011IN 163
00,~f)1L1OO U1111D Vchill 151

C *Ec1Rl1r 1ua(a 11, Fl~~31 LWIT1Il0, P10~1to IV two4 -. ewmpo0inI1 1513

303 03=441 1111)

0"3 So
to W)
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C ARGUIICrT 16 AN £NTECER4 900 A BXRG OF 8102 THfCN CHECK THAT IT 18 61114 183
c .&T* 0 OM1641
C OMNUI 1635
105 RRG-RflG.18F9.. OMNIt 166

11`030O.T0-0400 TO 110 011111 107
CALL EtHIORM1) OMNIN 1ee
Go TO so0;N 169

330 0RFGTf1W3J)=A.1G ONI! 170
=0 =~i NJtGS + 1 011,31 171
00 TO 100 OMINI 172

c OMNIN 173
C AS3TERISK FOUIND. CONlVERT 011,1 174
C OnlN 175
C If BRACKETED BY SWLE ASTE~RISKS, OUA'iTlTY IS TO BE US1.ED RS n 011IN 170
C IrLOATIND POINT lPRfU1"E*?1T.!F GRAhCIETED BY DOUB3LE flSTElRISKhSo Q'fiIPtITYGMN1 177

C 16 TO BE TROUJCTCU AN-D U~SCO (IS AN 111TED.EJ( 9RhIU1ENhT.. OMNI? 178

121y Kfl!G:1 OMiNI 100
huH.! 101

V1FII¶Z0Lfl).NEm4G1(0 TO 125 ONlN 102
KAIW-o: OMNIN 1013
H=11+1 OMNIN 1t34

125 CALL A1STER 011141 I03
C 01411l 10(1
C THE TERMINALU flGTE1RUIUCK) RAfVF DEV CHE~CKED TO GE& THE~ G00113 h THE OUlIN 10')
C fINTIT111. GET (IF 10) :003) AN~D h1 18 POINTINO OT THIE FIIR3T Cli RCTUIUMIl4 100
c AFTLII THEl LVOT fWTr['cihto OHNIN Soo'
C OH1NI ISO
C KRRG fITU31110 AS I I~tO14 1 FOU'ND OulN lo1t
c 2 cr(;flT110 11011T COUAIlCTIII 24I. iiP~In 0"?11 102

4 c 5 NTCC.W*R Rnt"D~I VAR~IABLE@. 2.0. ut'flillHORto OAI! 10)3
C4 FL. Pr. 1f1111 Vn.URDLE* 2.0* 081iI~tm4 Wlh 1014
C 6 !INTEGER RO1-0C-oLI'lli. 2406 6"3420asu 011111 3.10

C 10 u Ft.. 11T. i40U-UVLUU1Vt 1.00 U1024 ORIN lea1
c 7 uOTHINO Of' ns3TR~tISHO Z-0, sun 00011 107
C OMiNI ~lea
C A1 STl1Ii1a (IV THSEEC OR iIOUC (ISTERIUIS 111PLIED -TtfUW- onto! 1og
C E~fleIpt..cqnI 200
C CROUf I q, 0 4 12 13 14 1 U 10 20 16 OU1LYPLENr TO 01111. 201
C CIAROC I Uaw 4s I? l .10 20 011,11. 2022

C 011 203
00 To9 so 10. t3 , l )113 )141. 140- ISO I, K930 WlIN " 201

SOS ANrWGflt .1 lr--2 suMlIC4i~31. 9 O1NN 205
Gu o 113IGl~ 206

*0RO~~flh1~.t)112 *U?1 20(1

. 01111 2103

00 to 115

COLL 6%sw). u44 I 91 214
d00o~ ToN lot
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0-0 TO 100 01,1,1 217)

C fRGTA8 GETUP ahI~? 219
C OhIU*4 220i
C If ENTIT -OT. 0, IT !GJ ANt 1IUTEOER COtISTRINt (2-0. COLW¶II 14WMHER) a 500N 221
C TO 111IICH R BIAS o TJO ' J118 tt ELS N RI9t'!0 TiHSIS 16 Tf C' TWIT 01 o"IlS 222
C VECATIVE INTEGERI ARGUrCIIT RAlY nOT DC EWLICITLY DI-Ei 0.1 UiIVCIE 011.41 223
C TO CE LES6 T111.1 -8101. 01,l111 224

'C Ol,41223
c !F ENTRtY .C1*Oa THlE NEXT CflT3Y IS A FLOCITiRDO INO1T CON3T51NTs OMNI1 220
c 011,41 227
c IF ENITRY .Ell. -1# E Xenl'1O F1ROi rBREVICUS 51fGUtIEIT TO flILLOWRO, OMNIN 220
C AlR0UWNtT ( 63TER16K STNtIIO FOU110 OH0N11 229

C If CUIITY .LT..1. fl.10U11E1T IG 51 VRKAatE~LE* SET SIGN1 P0.54T!VE ANDo. 01111 231

1613 C014TINIJE .LT 4 T£Un11h~3VLIL WNI 233
C If ENTRY -0 4 I3111HK0 A1lOER11NE IU1ER ON 234

c263 NAllIAX Dal Ni 10.,£1 y OiNI 201
c I 4.5 V 0.3 x 12.13 a OMNI11237
C MINI 230
C Vd.4X.Y,2. 11.1C FOR FRODAHMINtmll C0NSlCUZCCE ONLY AND 00 1101011111 20a
c siFEccT Tilt opmcAt.O) or Ohlunlll 611irl Z40
C 011111 241
C, IF EN1TRY I0 EVEIN* C033ENT VnLUE TO BE TRUNC1TE0 11,H0 USED OllIr 242

r, IF ENTR1Y 44 000J. THE CURREN~iT VALUE 16 TO tiE IJSL (Is A~ UW41 2144 "

C 0 Ott 248
C IF ENTtIY .0t. 30. IT In~ A1 00RRPdCCT I :rCRmCCE INIII.COLWIN)4 TO VltM4 241
c flillrid (1 0106S of' MWO. lips5 C~EM ADDEO. 01101 248

c (15I10EXT L-3IR) - GGLIIWI ?NUM1Ef TO WHIME A 01115 OF 0132. 00111 250
lip 01C E11 ADDED- OHlIN 2SA

C 0h1ul 232
C IF tlEXT El~iy10 IS lI2TiVE. 9 KHORUHET C0,111CTIST 11ri TO BE GIIII 20~

jcUSE.I. nS* 11 I'LdfrzIMN 11011IT Ifi~N. 7. I 1U VAILUE d1111 234
C 1 TO W. r1C.1MtCl~ 010O UCILO AJS AN W-ThOER rlWJijk0T * OlIN 2 v'$

C Ditii 260
too IF11l11,11.40101 0O 101 ?611 27

C END Of C001F0110 (OU 0 F40.)ITCRiED) laN 2.10
c OIL-It 2630

too In noO.unec 2.~w1.u.;E i j aic oil to cIO 06913 201
c 01l,41 262
c IN INUT V.3Dl:..fN0 t,19 V041,1L flUidt, 11EUW TO WE Oft NEW O IUI!UE 0.41,11 903
C: CAIl 2C4

902 VOLL F ~IN,11( .fi~iflT0I~ 011,111 2CI5
D o ro 204 0.111 too

011V ciEfl. 0I1NI 207
0n4 TO~t 203M 0"41 200

203 JEUL)EI1.~~0~)00 10 uO 011,11 270

4
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OPNI 21
1V(ISWIVEA.T*5 OU TV 550" 0h1'41 224
Zr(IOVLY.OT.401 00 O 009(00 0"IN! 275

3005 R~IIX(RSAVV'OVLYJ NEUCiOS OliN! 276
NSAVE*aO OflU ~2.7
00 TO 50 C~flt 270

9006 CA~LL I'VIRflilt(I AI' 279
1C(IEY 'EQ. Z)) RIETURN OMNI! 280

Go to Dons5 OMNI 282
c OllIN 203

c LOW~ (IF tINPI& (AtZlk VOSS1IHE.e RlInfLITE(R) Ift Oulr.IO.'!iY* RETURN1 OIINI ?04
c COWGIRATES OF (I4TtY, IF LI 0 Us WOW NO( F61,11: OIn"I 2as

CRL 011111 280
91.0CAL LOKUPOHNI! 207

Ir(LJR!.0l1. 00) TO) 220- "1¶UZ1) z
1F Cl.0I.2)D TO 20 011111 2011

CAlLI: EtirolitL I 1i~* %90
Gc o To ong OfHIVo

SOmniN 2fI2

C We OUN OMI 1-9

.122 CflLL EXPONJU.(tJQnfi O) . if2%

)-60- ONIN 2Cio

-- ---------
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SUBROUTINE MUIOTE.-. Pena1 I

I NEVtCVS1 19 .51 oK.Wh:'/ A-MflE-id&LAD F0110 3
I ~~~~C~tItlOrl / 11LOCK0t Folio.JU~6)K?0~.R~hlS1laM..Pn 4

I lI'1.U0L.fl~SV1I(Zpoliao 6
COG1/OLGi~E/1RN 4) #1.1 vLZ. s ISrLDrw

c PCIO -7
c TIdS WRUT3RIiTH M~ CfLLCOI) N M~PONSE-TO T11C CO1IIFIO$ F'PHO a
C PRt01OTL$180 DEM1OTE. Patio 9

C, L2 vO to (OR 03 - POIMtT ponag to
c C L12 = Itl 0( ORI) ODflOTC PONDG 11

poflo 12
L2 =L2 -10 P0110 13
IF( 1100t 1E12MG30 2 1. .NF-9 0 ) 00 TO 30 'PONSO 14

10 CRLI. ERROM I I POlIO 16

PAROV401C:, 6flR'F4 Polio 19
IFMIMflWS.0.11i n 100 40 Plio-1 20
110 31 t~.11ARG3 POWI 21

31 MITIFv3C.) ~z 224
17 IMIMHX.01.0) 00 TO 32 Polio 23

CO TO 10 Polio~ 29

3Z ~ ~ ~ T CALL WIIOI IPO 2
Irt I iLEl, 0 1 0 T 40A PUHO 27orE

c If 400RO R13T D D 13 HEOME01., FLIP Il)GTftUCrZOUq* M1 3

(10 14)'toc 0T 6~ ratio 34
0 2 IV - LZW1 1~h W0. ;O4

C. -li POlIO 16

c clvokDISTNCEoe hve 0110 430

1011,1 39

Go to35 fOno 42

I0. CAL110K4h)4*0 0T 2 o4
J11 4
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ZVL LZIUT -Cal 0 1 UUIT u2 a NCOL polio 53
CALL rLdit Oftoh so
sriorLIIG.Eo.i) Go To 2a P0110 67

C rvih3 so
C WIART PR011OTIND O 0010OhTUIN Polio so
C .0510 60

33.0 fKK=1 PONDO 61
043 200 J1.14H'If.2 PunaO 62
IF( HAIRM VE*~ 0 1 00 TO 120 ratio 63
=lK I liMI'O 64

112 % III polio 65
KK~1K.1q~l1'040 65

00 TO 130 PWlIO 87
120 K1=IflflG5M1 polio 60

130 IF( L2 .Ea. 431)GO TOl S1P41 7
C PONDO 71

IC MCOTE CUL AT 111 TO COL AT KZ polIO 72
C P01,1 73

III = I0 + 14RHAfX rUN0 14
R2 m1 IQ tRhAx # tfla PONDO 75
Do 140 ti If NdIHAX POlIO 76
III K! - I P010 7?
he K - IpolIo 70

140 AC f KZ I RG N104li Polio 79
GO TO 2170 M~ID Do

C M~0UM~l COL or K) to COI, 11 1i2 Pl 02
C M~IR 03
350 ,i m 11311111, - Hit MID 04

KI m II tIlt MolI ou
00 100 Jl 10 3. .polio 013
O1ct K12 I 11ct 1C I P0113 07

300 K12 M2 I4* POND180 )
C VannO an
C IF PIS1lIOTE fiIUIYs PILL 113I0T OCOLUUU "Itiit WOES* Polio as

IF11 1,111103 .flE4 0 1 00 To 200 41I 03
,i tJ-1, I U '110 9S4 ..

Oct K12 0 ~0. P0.30 96
$70 11,2 .u K2lI I7 *

Ift LP. d1. 0 1 #Ufl!U~ HfeAIM 1451 Pill"r so 1
fill to t.o- rum*. 300

ENO.
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S'JORCUTIVE Prit'iricpl Pfn IN
Y.COMMI0i ftCYZOYL IT~tC Pri I 2

INTEGEW~ KKEYM2. RACEAm451 PFIN 3
ECUIVfLENCE (IMA~fKEYM)) PFItI 4
va R~fnf1) PVitI 3

14EY KIKEYM12)56 FFMl 6
Irmo~u PFZN 7
CALL OPOSr PFJNl a
RETURN4 PF11 0

Elio pZil 30
suolloltJfllE P0COA MAE) PHYC I

CO"HN1I/PCO4ST/If (2).10 2) ptlYC 4

C T"IS 6110ROUTINC IS UJSED TO UfCTEIU1TNE IF Ai F!YSIClL, C014STflUT IS pflYC 0
C 6TOREC0 IN THE~ SYSrEn. If 3 It IETURP8 A*T IN flAG.- PIIYC 7

C ilyc a
On3 CO Ilul.? PIIYC 0
IN If HYC so

iriV IIE.E04411100 TO 30 Plc2
to CNTIUL IIYC 12

Ivllyc 14

ACTUfM fiIYC 16
LID VYC 17'
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C61ONlIt hZY.IovLr.2TYPE: PROR Z;

C FRGR I
C THIS16003O~UTIVE 16 USCO TO DI6WL8Y T1IE COWNG4S M11CHs kIAVC MeN ?B~OX 0
C EXCECUTEDO. FO
C FAC.1 10

irio-miO~1O 0o To o PRCOI 11
CALL CRUMPL( .1,A1000) PRORI 12
CALL GO0PLY01)VIM1LADLEL SPCee 1oa 6TORINO COHMANDS40 HAS BEC1 tF1LL.EO.1'iR 13

I IF YOU IfIG1 TO FEE.73.E.10001 FRgC- 14
CALL CWP0LY( 'ThE COM.N;103O 1111ICH YOU HAVE ENTERED BEFORE THEY witL EPROR Is
SRASEO, r.:,csG ItEY 2,1.7?..ElOOO P1RG1 18
MI~. CRU;PLYL 'OTHlR1II. PRE66 K~EY 1.' .23@41000) I'RCR 17

2 CnLL GCAL" FRGS 10
95 CALL 0:1nIT PRGO1 la

J7IrtYum .lE1O.(E~~ 00 TO 2 PfloIg 20
2Fh~ EO10~d~. RE.1)WTURN MRON 21

IF1IREY.Efl.2) ca To 2 g2
N741GO TO) 2 POR 29

CALL 6~CUP'LT LIoJOW11 POOR~ 25
4CALL CGOLII P6 to

00 TO 25 11110 2?
a COLL penns( 100) PRIM~ 20)

CALL ORM~~~ WI T11E Mir~l OECOMEs FUILL AN4 fl.111 IILL GOUNO. 11AMPR( 2¶)
I You 14111T TO MC"490S4OA10) FOCI so
CA4L 0110PLY(O NTI EXT GCCI'ON OF YOUR~O0fU PRO~sFCGO tCY 2**s4O.#1IeRCt 01

10(09) rVIWA 52
CRLL GROPLY0 '* 1#41000 MRc~ 03
jrtIOVLY.tQ46) 00 TO 00 I'116-3 34

.kIVL-3PRGR 35

no UO PRO 3~f 7

00 50 10l.93,0 POOR3
40 CALl.CL~~~.T.2~LO H 40

CO T0 U0 P110 41
110 CALL 010IL1 PUGC1 42
160 CALL 0,131T PROR 43

. .UY11.y~ttrol 00 TO 150 110f 44
gitL a~2.y'a.a cr10 PRICN 4$

.1ritimen,(1) 00 TO 45IAC 40

80' COU1IW ol0~
ML50I.II~) AU4
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SO IFIROMAEaMB.) 00 TO 400 PRMw 55

Do 100 J21.19 POOR 57

240 CALL 0W?0LYCTC~oUS.25) F'ROI 50
Go TO 110 PAMC~ so

950 CALL CCflLH ?RGR 61

20CflLL MCAIT OR6
CO ITOPaE1 00T22060R6

245 fRELL (I-21 G' O 25 W%6
GOR'4V-2 CO TO240U G

00CALL SCOO'Lt 0 Del 0003
COLL SCUILYV 1*10W O2 ruo' 63
CALL OCAOLN( 1&00 PnG3 76
CUL TUO~'V 21..1GO M"? 77175 CnLL Of(RV1'1.00 OO ORoft 78

000 RTO 20 MIRG 72

11 CNTIU PRCR 70

40 ALC/LI *l400 RR7

CQLOM.O110101 3R7

CALL 30PL0 '*m4IOO) FON 7

CALL030f~t '%lo-1003 PAO 7
CAL CRF'4-..103 RR

100REUN RII7
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Cs

$IJDROUTME PRORO11 PROR I

CO~¶ON/ ~PROX 2

COMMfON/MCM~1/flt 60O1 PORO1 6

C THIS SU'U3UTIflE IS CSLLEO IN RESONSC$ TO THE COMIIUNDS PRO'S 10
c ROUMU AND PFl00JCT. PR83 31
c PROS it

iVtinnoS.cc.si 00 TO 40 WORO 1o
CULL ERFIOflI) P1105 14

VETURNPRO3 15
40 CALL CHACOLL J) pRool is

1i'J.~.0.lI~tIISCce.~rIG1.O~ih184T0~GO TO,00 POOR1 17
50 CRLL fIISURM5 reon 19

RETURN: PROS is
60 1t1X&O 00 TO 80 POOR1 20

CALL E RR1133 PROX 21
RETURN PROS 22

80 CALL FLf3K PROS 23

CMFLSWOMI fl*R P5011 24
CISTL.d.O2 CPiT1 IIOR 25

0O 100 1;JI~tajLq PROR 27
1005-Ill1I 1COiN3T rt 2

LFLUV1RM-O'E'.41 GCO TO 200 PROR 20
Do 150 iIfI1l.11 PRS30
00 ISO IZ1UIAIRMX PRoa 51
j ý V* . -1 I P5(R3152
1PLL2.Efl.2) 00 TO 140 PORO 03

AL~IUZ.RCJ3PROS 94
GO TO 150 PROR $5

140 All) A(IJUICLJ) PARO 35
150 CONTINUC PUOS 37
370 It r. (55350413M) P115 so

00 ICO zt1#14003l PROS so
j e- I MOO01 40

3190 IIUJI fill) P50, 41
BETUXIPORO 42

200 11 Uf14PRO - 1 P903 43
00 2.0O LzIoll I'ROR 44
It u 1nOSIL3 PRO0( 46
00 250 ult. .HSltm( MROB 40

j = * ;- FORO 47
irttaa.ud~2 CLI TO 240 ('1540

t40 III* mii1m APRR6

2S OI3L R;O
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0IJ0ROUTZN1tE =EOai READ 1S: .. ~COfIIONI G L.OC~flA1OOE *H .,•,"l3'IL 77) ,[•D RRHN. VCO( IS) .KIENO READG 2
1.tO(1O.5)~.f6~l~dILI ~READ 2

COMItMUN 1 OLOCK11 / RECA24D).lfl&8 .K1No~3).AL'{TflHL11.NgnflX. RERO 4
a NOON NCOL. 4'~.111a'v!4xyf5 1 enlo 5
OZiENSIOI -G(39 ] READ 6

UEGUIVALENCE(AIR0Gfl 1 ,RC(24O11) READ 7
- lOhO;,/? t .J .lttI1D READ a

READ 9
THIS SUDROUTIHE 16 USED TO PUT A B014 OF DATA IHt-O THE .9ORKSHEET RflEAD 10l -REAtD2~
In d .LT. NROH 1 00 TO 10 REAO 12
CALL ERROR( 10 1 READ] is
Go To Oas READ 140•. . ReA0 15;

. ARGS CONTAlIN THE 01lWlVER OF AIR-UNENTS IN THE READ GONl1nmgg, REAR 1a
ZIRG6L 403 THROUGH IqARGa3iNNfl3.3O) CONTAIN ADDRESSES OF COLUINS. READ 17

READ is
10 005 0 1 s1. NNA3G READ is

K IANAOOt I+ ) 9 J ,ERO 20 *
IF( KIlID( I I EO. 0 1 00 TO 20 -READ 21
RCt K I m RGcs I I IhEnO 22iio 0TO "0so READ f3 "

o 20.AC K I : IRRG-A £ I READ 24
30 CONTItNUE .READ 26

CALL GU1SP?(4) RenA g6
CALL O1IOPLY(NfEtCO,704Ot.1 READ 27

C. READ 20C.• 4• 16 THE NIUMBER OF R0416i READ lit. REPO 90

ID J. READ 310j x d +=J I READ 31

IPt.llRhNX.LT.J) NRHRX=J READ 32
CALL O,3PPLY( • t* 40) READ 35
CALL C3D0LY(' ',1.4321 READ 34

! CALL WOWOLY(' 'I.t.GOfl READ 35
CALL (}ODPLY(' '.l.4O93) READ 36
CALl. 03DPLY' '.$."oO) READ 37

-S RETURN (hERO 30
ENO REPO 30

AI

II I
}:'I

k
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SUBROIJTINE REOX REAr 1
CORtOI! I DLOCM*I/ MICE In 11 MRo{ 77) XRRG, PRO1G'NEXC 1Is I.KMUEND Reno 2

1dt4EiCQGL 10 .• a i~ifiVE .N•VE .ttFI4oC R~AI3

COKN10 I OLOCtI4 I fl*C24 R1EADRI.I(WD .AflGTLLIGriftfRflx. REfl 4I tR0OI4 .UCOL .t4$U•CO .'IIXTIC 5)] REUO 5
OIHENSI ON pRfCf93 READ 6COfItON/•LOC/SIiE/•t f43 .L1 .L2 *GRFLG READ 7
COI1HOU/DfIS/NOWO .J d4•I~RG HROA S
EOU1VRLE•Ct{RR1G•SL 1) .CC2401)) hEArS S

c READ 10

c nTIO SUBROUTINE iS CALLED 1IN RE6POlNSE TO THE-CONMABO READ. READ 11
REAO it

.Vf NHRAM .GT. 0 3 00 TO 10 'READ Is
"a CRAL ERalOai 10 1 000 14

Go TO 100 READ I5
ý10 CALL CH•VO•t I I READ is

.IF( XI Q. 0 R 00 TDAD0 READ 17
15 CALL ERRO*R 3 1 REo 18

00 TO 100 READ 19
201 CALL CERAMI10) READ 20

0O TO 21 ReAo 21
20 CALL OROPLYL' '.,14201) READ 22
21 CALL OUKSP6L) REnO 23

IIF*Af) 244'CALL OROPLY(NE00C.7O,4100) READ 25

CALL ORUPLY( '4,4100) REAE 26
COLL OROPLY(' '.1.41OW READ 27
CALL 0"OPLY({ '.1.40,01 READ 28
CALL 0.10LY{' ',1.41001 READ) 2
CALL OROPLYtt '*1#4200) RenO 30

200 ISRFLO = 0 flEl 31
00 0 I:1. I# 1(+,s READ 32lRh 9 =IARD•t I I Reno 33
MIARSt I 1 0 REAO 34

.SO ARM 1 0 0. READ 35
j t 0% READ 36
NNARG: NARGS HERO 57

t0o RETURN READ 38Elio READ 30

4i

I 2' . "
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SUB0ROUTINE WEtr MES

COMON 0I / LrOCK0iflO * t.R~77I.tR.l.gfG u~t(l U~O ESE 4

EQlh~U / ALENC~l36IW ct24OSil U.tO5.lT1C1.IfjX RESE 4

CRESE a
C. THIS SUBROUTINE IS CALLED 111 RES8PONSE TO THE~ COHMAENO RESET. RESE 10

IF tio IURO IE. If I CL2 - 53l00#400.30 .e~ it1
ftX uO 0 'REse Is

410 CALL MRIO~ K 3RESE 14
Ra RETURN4 liEE is

C: RESE 18
5 c REV T PRIAX Biear 17

SOIF( KIVOC11 NE4. 0 1 ZARODSM1 = IIGOCI PEGE is
40 ZFf 1RROC$ 1 I .05. 0 .iAmi. IPRROS I I .1.5. NROM I GO TO 50 ME5 £0

ft~ES uS15 1
00 TO 10 "IESE 22

50 CAlLL PLK "IESE 25
7IMIFLfAG.Ea.l R~ETURN$ ME5 24

GO TO 201= 2

c ~RESET VoI.XoY.IME2

00CALL PLOR ME 30~C li ~

INI.F( .WWI ) TOQ 00)1R-0)2101 ESCM 6

Go TO 100 WEIf 10

1lITR~lSCA 4S

11C~uN+40GC11R 14

Irk-A2 lT 0GR

I ;NA NO) lCR
iaT 0 cns
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SUOUTWIE PET SET 3COtIUON I VL0C5•fIH0) .S�flQQi o 7) . K G/? ,YdRflR0.tUG2 dIfICO£ 18) .Ki3EILO SET 2
.5 .ISrJJCOGL 10.51.rtWE .W3RVE.tWLRO SET 3

COWINlW / OLOCI5 / YC(•4J ., ,4- 3) 0LS:).GTR i tlRX, SET 4
,1 fi•IQ14 .tlCOL'. ,tUU•C , .Vt C( t ) SET 5

4 I.OIfl;ON/nLoCI{/i•,;i"CC 435.1)o. 2 .ZS,1W.LJ) CCI1 S
"COIiK0,,/CLSIRO W .J .tIOiMJfD SET 7

C :-SET 3
c TVAIG 8U0DROUTZ U.16 CALLCO IN RESMf3NSE TO THE CMHflNOD GET. SET a
C :GET 10

If t NnO= .PE . I .ANO. 14AR08 .LTo 3 . O0 TO 10 SET 11
CALL ERRO!CL 10 1 SET 12
,O TO 100 SET 13

•10 CALL M.RM8( HRiAM J 1 I GET 14
IF( di 15o 17. 20 SET 15

15 CALL ERROM 3 1 GET ,16
GO TO 100 GET 17

17 CnLL EiRRMUR 11 1 SCT 10
GO TO 100 6'ET I8

20 .NORG.I J * J+HROI - I SET 20
MFL NARG .EG. I I MO TO 25 BET 21

5IF(KOC 1 .IlK. 0 3 CO TO 15B SET 22
ZRRIISG I1 .LC4 U,•W I o#.ON. £IRRDS( I I -OT. 0 1 00 TO 24 GET 23

CALL ERROfl 16 : -ET 24
00 TO 100 CET 2524 J = J # IARVG( I I - I ME 26

'2, .VILL KOMG SET 927
XlMF'L044.11.X RETURN S ET 23
sumiFo = I SET 29
flooE = 2 sMY so

100 RETURNI SET 31
ENiD GET 32

4
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SUBROUTIIRE GETQ S. O I
COMAflfl4 . CLOI,}R/flOOf.tl.r(inc 77) |KnRG.ARG.ntO2,4.C0CIs1.KROIND If0 G :I .HE|I DAGL14h,5 .f•SRlVE.,It, WPXNFLj'iO. SET0 S
COflI•MON / BLOCK¶C? o, 1t4 .tIURO.Cg3.KZ1OLJ).RelGTAtC51)oHgIflX. I SENT 4

I NRfIf*.?COL,,.'•: .V9XYZ(5l) SETO 5
SOZflF".ns1 ;IM.1) SETO 6
"EQUHIIUNC' f I•61•GS.J,••.]Rt 1S GETO 7

Coitwwsaw~u~ .1SEGTO 0
C SETO 9

C THIS CUL"OUT1IIE IS IYGEO TO ENTER ORTA INTO THE tOJKStIZeT SETO 10
C IN RMI$ONSE TO THE •ET Co011IND. SETO 11
C J IS ki:{E. NISXT DfrlTft IT;"|! 16 TO 00 INt COL.UlN GETA 12
C iJ is HfiEmic N.rST ODTfl IThL OF TIlS SET IS 'TO 00 SETO 13
c INOROU IS flDURES6 OF 141ST ttOU IN COLUlIN. SETO 14
C SETO 15

MLIARGS•.Ea.0 00 TO 03 SETO 15
jj =j +Nnlcs -1 I ETO 17
IFL JJ .LE. DRO.OW ) GO TO 10 SETO 10
CALLL EROF-L 201 S CETOI 19
l, iIFLI.).tGi.1 I RETURN SETO 20

C SETQ 21
C CHECK IFr ENO OF I' lit-IS OMEN EXCE.OO PREVIOUSLY IN THIS GETo SiTO 22

c SETO 293
is J .oT. NOROM C 0O TO a$ SETO 24
jj 0 NUOIR CCETQ 21
d0 TO is SETO 26 8

10 CALL PL.U SETO 27
IMFwLflG.E0fI) aCTURN SETO 2I

,20 O•t11 UU SETO SO
3 000 1 = O dO SETO 30SS•IF'( X1110 It( ) .EQI 0 ,3 00 TO 20 SE:TO ft

Oc I Iz ost" SETO 50

;00 To so TOS TQ 39:i

20 PC 1 3 J AR6 It I SETO "34

NHOtIX ItlXOI NRHtIX', iJ - 1J1J01W148 01 4I GETO 97
as RETURN SiETO S

DID

• I

I ;!

V -
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8UOROUTINE $ORDER $0.10 1
CONNlON I 6L~~/1f~i.~O7).f$DAGRG U~l0 S KOU ORD 2
I iNERC1CIDG( 1.5 .KrPVCEfjt~fVEJFLfl0 cello 3
COIIION / CLUC0O 60CS3ZO(8.U45)0TL9JN)10. C 4
'I 8RT/~ 0 CORD

43 #L1 *L2#.ZCLtVL 6030 6

01"lE"610" Nut4Ufl5 CORD a
C, CSORD

C, THIS 611U1ROUTIIIE 13 CKtLED Ill MPS1ON$E TO THIE CONlW8106 &ORD IQ
C. SORT, ORDER AMu u1ERRCtHY- SOHO 11
C- L2=0 FOR SOT L2z9 FOR ORDER L2z14 FOS HIERARCHY CORD0 12

6FHlG-#T 0)D TO 40. CORD 14
30. Kv40 CORD is
go0 ORLI eR[".OR(Ift 6OD in

A30 RETURN CORD 17
40 CALL GtfCOL(J 80(10 18

SIrIJ.&.01.O 00 TO l0 WAD0 is

50 TK=3 SORD 20
6OIFIL2flC.14) GO TO VO. SORO 22

MNANE~GS41E.2) 00 TO 10. 6080 23
DO ZfINHi111)X4T.01 00 TO D.9 SORO 24

tK%9 call 23
00 TO 2 Soso0 26

IDS CuLL PLUX1 80,1D 27
IIffrSr3.tQ1 I RETURNCOO2
1tI(IRuIX.0T.1 00 TO 1.20 $ORD 29
£P(L2,11C.1-11 00 TO $0 6083 s0

14CC£fl1GS(2)Gallo8 31
(1crURN SeOig 32

120 tH301Va s
K~ u ARGi3 ) -1 6ORO 34

190 00 240 1 tt 1.11MlHX WHOW $3
*~~R 'So. 880
All) -=RC(J) CORD) 37

140 J~Cann~ 33
140 f1 Thtf-. CORD so

180 KI m ~K -1 60(10 40
K~iOCORO 41

I1RLI.C12.0) 00 TO 210 CORO0 42
Do PO 100 1ORI (08 43
1rtMx).ue.n11.J) 00 TO 200 663D 44
CC = AM3 BOND 45
nm m ni!) 60(10 40

CC.. =010 47

MID 51
to OTNECR I

I*N.0) 0T 0
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f9 11NS 1O s

nu nzos~-1CORO 55
2 03~ 0 Kc JI=N tJRl)0 CORO vo

t40~~~~~0~ 002050-RA, OO6
J20 1tLJ*~ hZ CORO 62

240 01,06 SO 00 TO 30 06 ORO 6)

£~~~( fItJ 2lU0
SFCtIfl0G.EQ013 00 TO 30 SURD) c5

K IMb~SMI) 1 O6il0 07

00 TO) 130 eio6

4 200 Do10 £ =20HAPOS SUM 70
Ku i~&ORD iOt07

00300 jrIJ10 S OHO 72

300 Ali) -Rc(JI))Ci0
00 510 J21d0tMhRX SURD 74

S~ CJIu AjI CORO 78
00 TO-30 E11007

J"i
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SUBROUTINE SPINV IISOCT) SPIN I
COfIIIOfI/GCRAT/31 013 SPIN t

:•RIAI.hB A(40].OEI' • r.•. EE~~RI)ERC.X ,i0Llxs0).U S•,i PIN 3
!QZYiN 6AeJ PIH 4
:•'OATfl ONE/I .00/ ,. OlO/O.1O/ER/5 .0-4/ CPIPl Si~ C SPIN 0

Y'l C THIS SUBROUTINE FIrIOS AN Z .IR SE BY UI3111 THlE GCUCS-.0RO1N RETHO0 OF SPIll 7
C £L.•MIMirzION. h 1iLLA. COOMlJN 70e 0MESIhOtJEiON OF THEF HA1TRIX TO RiE SPill a

MC U RVIOTO. OET 16 U.O to Lt,1ICfTE" 1tErTIl3 1tS0oI061014 1lS U6 GCESFULE SLPIt? 8
C OCT - 0 - ntIrz WAS SINzjGLAR* SPIN 10.;C oPI. 11

SOET~fhl; OSPIN 12
FiN lI SPIN 13NH2 N 0 S PJIN 14

;•L 0 SPIN is

iS L" p 16
CALL SClAI(L..II) SPIN 17

, C splin is
,i C FIND MtE 6.ARU61 EL.iENII•T [IN TtIE t.Tt COL.UHNN ralil[ in

ZC )0T2SPIN 20
J1 z L SPill 29

* " C lspin 22
B - N 0.6131P0 23: 13 1.1 u L +. 1 611111 24

00 SPIPl 2aSCALl,. GGIRAII(I ss) frpill ^2

2 10 C00TU61 cPIs, 31: le|G-GE.xj 00 TO 20 VPill 29.

C sPill 31
-c s|= pill 33

SC P|II. 40

SOC C EC.hE6 THlE GREATER* sPIll 34

C sIpll UI
to CONTII l0E pEill 34

c FcIll 346-. •~~ jr THE Il Lnumlr.'• muliIt" 10 Al COLUMI 16 1EllO THICRI 16 (1 SIN411.IT.Y|¥, sp!ill 39

C "PUII 40
30 Il(C.I1.ZEUIO) O0 to 32 VPIll 41

:+ Lo II• l JI*�st "PI 42
0' 0 TO 1000 1VPIl 43

00 4 ~ 1.52SPIN 44

-:•. ~~C JNICKIIKntE 111111 J1 WITH 1104l o. JI, 1 THlE 80l1 UITHI Y11C LAROGE& E+LMENI.TUI"11I 49f
.+C TEST. TO 61. If lIlIJM1(0101110 IS NECEMIlys WPill 46

• C . rGrill 49:12 If•I(Jl .EQLl O0 0 TO 2 erml 0t

-CI4L SCIImI(J2.21) SPIN 45
Os) 24 J t3l.*II2 WSrI" so

. CAL.L CCIII,01, 1.| 0 A Gill 52
CALL M11(42 sBJ,,I pil'l 16

"M+2,J,+02 .



279

0.5 SL~:OLfJ PIN so
CALL SC.I1(L.21 &Fin 561

C 100W ALL fife CLEtENI4S ZIN THE LTH COL~ht4 OUiT THE M'V0OM CLEHCNT. GM'I so
C SPINl so

32 LI I trill Go
L.2 u .)SPIN al

CALL MC~lU11 .It) SPIN 03
00 3235 I1UL..i02 SPIN 64

ZFC.2.0T.O2 Do ro 323 spill 66
321 Jr(L.-61N) 003 TO 4G WPiN 07
322 1.=13 SPIN 60

1.2 --N Sri" as
M3200 3Z5 IzLI.LZ sriff 70

CALL SCRlAWL.i) SPlIN 71

ZA 1)/1101-0( L) VIJN 7?

?M.1aLOW JI8?IN 74
SPIN 73

JV0fc~l).0.~~W~G~!)00 TO 324 SPIN 76

$24 C0oINEuu Celli 70
525 CALL C'IlflfltZ tr Sill 79

irtl4.or.Lg 003 TO 321 opin 80o
Do To 12 erum pa

C 6IN5l 02
C 0VIOE OY OZAGOOUO1 CLuEMPr8. SPIN 03

C PiU 84
48 02N1=4 Cli04'00 43 1=111VPI 9

CA'LL SCRiAM191.) 4PIN 07

A EY n~ OCT a ZZ A 09
00 40 J =01#12 SPIN so

41D (J~m(%1/ZZ PIN01
49 CALL MlIMI( 15.2) spin 92

£000 AcTualS SPIN. 93
DO sptil 34
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SUBROUTINE~ STnr STAT I
CO~¶04/ OOCP~Ilr1Oh.flRU77.KA0.A~dUzd~uC0 9)i~RENO STAT 2

Id1~CO( 1.5).KSV~.SA~dIFflO6TAT 3
C041100t / LOCK0 ~C2S ~ii~6)AU031.IT3 1 ~t1 6TflT 4
I iiO~I.NCOLIf.t~.("VWXYU5I) STflt S
C0I11I/f1LEC/WOMI. ZC4) .1.1 L2 * ISRi'LG STOW 6
010II1610H FROG(81I1I STAlT 7
EUUIMAE"MlARM( )A.CM201)) SWAT 0
COUL3LE FlitECIPSIONXX~.1.2X STAT 9
01II)EUSXOI £Lt).I4CM3 STAT 10
EDUIVflLErl'.Lg .111 M A1243z12:))#13,11(33 1H1C( I).INI )o STAT 11

STAT 32
URO-O. STAT is

6Tflf 14
IFL2L.3f~ldllOSN~.)00 TO 9110 SAnt Is

c 1j To s1c SiTAI 16
SGO 7001 TfT 17

CAiLL MVSMA~55~G~aft) STAlT Is
If( 10 2040,40 8 TAT 19

20 CALL!C.003120iI~) STAT 20
RETURN STAT 21

10 CALL ER1IOAM£) SWTr t2
RETUtl tAT 23

40 MA-Lt~tl(16T 24

070 50 10,11IR110 atilt 26
UIG3 I1 TAW 27

CALL AVCRGtZ4Z11£) 6 Iit P
JIMIMt) 46,304~0 STilt 29

45 II1~-~1I)SrAT 30

60 1)~tCI~t))ST11lt 32
j~t~noa SUT 33

VILL C111101j) STt34
IMIMIVUt.tC601 .) TO 00 OTAlT 35
Catt EIV~ftenal3 tl ~0

63 CAlLL FLONt~A 30
1111111110O. Ci a I TI M1111 iTalt 30

IIS; (ITo IW1 111 40

60 1:: .1 Moci 00toMO STAT 44

05 3t:ItIII STlt 44)

xCrO c 13)aillT 4

so M-0,111)STOW 40

0 I
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MFIL.GT.ILZ) RETURN MYA 55
00TO Jd111)311iS1)J11)1i1O1Z12321TfT 56

I24.25.21.21.~1)SitT 51
903 CALL ECRUM~03) STAT 50

Y~RclO TAT 50
IFIIL2-8)/5) $0.116-13 Graf 60

110 ASS'0 II TO M;OMx STAT 01
III Y-Ma"MI(X) STAT 62

GoTOr so star as
320 ASSIGN 121 TO UItI!E2 STAY 64
32) z:(3.1.T.?CR3.OoX1.0T.ONEI 00 TO 003 STAT 05

y~yO311r(XI IstaT 66
go TO so STAT 67

ISO AS1100 131 TO M1OMX STAT Go
131 yenyoi %I(() STAT fSO

CO TO 00 SUIT 70
140 AUSI~il 141 TO JIJOEX? STAY '71
£431rt.T 00i.X~EtA1 TO 003 STAT 12

00 TO 65 SlAT 74
ASO IUOSJ0: 151 TO 1110Mx VATr is
163 It(X1.@LT U1. 43J Ora *0,.OT. *W4.2 *LE -ZEO) 00 TO WO3 SitA 76

YCOMIPM in( . I1 Grnr 77
00 TO CS MIAT 70

100 AGGSI0I 101 TO L:InU2 $TAT 70
lei IFXM-R4 o"u-C-EO 00 TO 003 starT Do

Y~O~i~t~1.~)star 01
W4 TO 11 STAIT 02

37 7 VOC M 37l TO STCY 6Ar 63)
37131 X1VA)LT -U 4Q-l.6%ta.sICi3 00 TO 803 STAT U4

son0113010:1 19'i TO 1IPPtC2 STiAr 07
301£ 0 ? slal41 4 O Jro LTUP J CO TO 303 MTAY 00

YUCIUMIP~ "N"4 ITA *as
00 TO t111. Star ma
30 S1C 10 3 j*g~ STAT at

$31 00I3L. 3U.~L.4S)C TO 803 $TAT 02

GO TO) 0s STO 04
200 A343C.4 1901 To If1102 usn s

CTar tJ3YI WtA ~0
2W*~IY~1to ? 2 STAr 09

SC)To 303 StTA Sao

nIo To 05 SUIT log
2T0 AWtf.3 ".21 0A ;SAT U13

G3 to 030;;~i 305
03 ii 10?13

4.l SPN ~ O A LT)~ *160W 41 M $44*2 t 1dCWX-C*C- 0T 6103 1 Joe
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Y:;BETAX(XI*X2oX3I STAT 309

00 TO 00 aTAT 110
240 A8SON 241 TO 10DEN2 SA I

241 00 TO 9003 STOT 112
YZBEMPIX() a\2.333 48TAT 117I
00 TO 00 STPT 114

250 0 U610t 231 TO IZIOEX2 SUIT 119
28) VIX! .LT*?ERO.(M.X2-G.tE9 P0.084-.X3.ZEOL la) E-ZER) 00 TO 303 STAT 110

Y=86A~tI#Y2X~lSTAT 1217
00 TO so STilT 110

270 60aS1I 271 TO MNOMX STAlT 110
261~X L.~OO.2.TOl~O .~Z~OIJtX.C~~ 00 TO 8t0 3 STAlT 120

vT1FPy(l 4 ON..3) GTAT 121
00 $GTOO 60TA1T 122

270 115110U 271 TO INUN STAT 107
E01 IMU leLT Zi. 10.')* -G 1CO.2*E*ER l X L %fl 00 TO 80 STA1T 124

Y-F~c(1.~x2.x3) GTAlT 125
00 TO 00 GMSlT 126

810 01 0L01TO(1O3 STAT 130

0 10 ALURP0310 MhIT 313
Elio MUt 153
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-SUMRUTIVE Tth#UL81 TRpN I
COAKIION / iELoCfl/t1001 .1.HiIRO( 71| .AIU).flRG2E, Cflt 1,}3 .R0(H TRA? 2

A oNEWC9493 19.,) TRAMN 3
COMlNlOfP / OLOCKO / TA RflN 4
I .1OH WNC0L,NA•Gbx,*XY2 (S) TRAMN S

•++. COI•MlrI/8LOCKE/tM 4 ) eLi .L2.I LG[ TRHN 6
COHIMOtl/GCRATI/A 00) TRIRA 7
0flCJ1VENSIOLO1(1.00) THANl 8

C uwmus TRAN 9
C THI6 6UGROUTINE 16 CALLCO 1t0 RESPOHI48 TO THE C0111NO3 THAN 10
C IIIxAx) ANDW 1iXflX. TRAM 11
•C Duanm TRAM 12
C CHECK TO 6S Cr IPC NAVE CORRECT INUIIOER 0O RROUbENTS TRAN 13
C golsn TRAIM 14

-Ir~t(•RRO8.3.1O.it.NflRO0LT. 0 TO 210 TRAN 1.
C Matto TRntI 1
C CHECCU TO SEE If ALL AROUI•ENT6 ARE ,ITEOERS TRANl 17
C totem TRAIl 18

SJ=ROS IR~hAN 1
CALL CKtIOWJ) TRAM 20
triJ.NE.O) 00 TO 030 TRAN 21

C votes TH(AN 22
C CHECK TO GEE If OWhENZOIW ARE CORRECT THIlN 23
C ub" TRAN 24

FIfINPROGSE4.0) 00 TO 230 TRAN 25
.i(fhAI•OC.oc.J0) CO TO 200 TRAN 26
,:h5ARlO.IoA;C•(0-L0J) GO TO 230 TIRN 21
00 Tit 0P30 (KhAN 29.

200 0O (3).Ea,,6RO814)..lMO.ZIIW6WS).cO.IORC,(0-t21) 0 TO 230 TUlRNIt 29
00 TO 030 TIHAN sO

C Ima THAN 910
C ChI•C, TO SE• CF OIF N1IO$ Ifls ( i our or Bruise A•UD TOMJ S2
C FIND A•URESGEG OF 11ATRlCE8. T1111 39
, THril 34

230 ZfI1II'RD3,-01 2404200#120 TRAN 55
240 PROS ( I 0)nRIfU() -- TARN 30

J.|AHUSI' l4V, l•): 4tlWh(l,, |8) T$(A(I 50.+
.- +:KII+)( limOTRAV 39 -

MU-LCO.1) 03 TO 250 TRAPI+ 40I:InR0301/=11ARDOS01) tAlft 41 .:

26 10 2G0 T(ill 42
50 111RO ,0Sll •I AllI) T0tITFt 43

260 Ztt(OnNIf1h1fU) ;r,'u 44
lRG,•0!RC :Jn,,.'3t 4) TVna 4S

..1AUSt4 1.flRtOS113) THAN 4i
T0O) 1300 TARN 47

tau 00 3001 141,7 tl1lMN 40
:"llnlO-1 THAN 43

$000 1111c,04•| nW1)tt) TRAN so
$20 0303t1)~1~(~0 r~'5

IA G.I 12) flhilU•t 11) T1ll U2
=3d TtiN SS

CALI.L hT.CMJ) TrIND 14

+)' "" 1 m I
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Xlt(i-1) 450,830t330 THAN 55
$60 Cflt.L UfRRO~ 17) TOMI 65

RETRNTHARN 51
210 CR1.1 ERROM01G TRAh1 so

RETURN IR so
450 CIL.L PLOR T!RAN 60

£F(?F~fG.E.1) ~TUN TW?401
THAN 02

ZV(L2.EA11 SO TO 00 TRANl 63
1ENOWARliGS( 0) TIMA 634

U4CX~1THAN~ 05
INCft=lROM THAN 60
Go TO 00 TRAN 07

so INCHttd THARN 68
3NC-M0UTHAN 60
1E1IRD~t7)THAN 70

s0 £(imout.LE.15) 00 TO 86 TRAN 71
CALL ERNWA(2) TRAN 72
RCTURN TRAN 73

95 li ~i1 AG~t5)TRAN 74
R~41A~(9)TORN 75

HARK"ItARANTRIM 76

8111=:0- TORN O1
00 100 Ku:s.IA4rs¶ Yen" 02

GUI)~f( I1~R( Ifl~~uRCU1M3TRPN 03
A~l !RAX.IICXTRAN 04

CALL 5RMM(dog) VARN 07

CALL 3GRR(Klh(.) TRn" 01

160 t01.U(4 Ie1( We~l I 93~l
00 IGO J::IoREHD TOMN 04

00 140 Iuls,1(,53 TROM 07

340 10330WOR0 liltUN TRR:I 00

3030 CALL UViIMMM091#Ul21 10110 101
I~RA, 102

c TP113103
STORE KrAOUGV IN13SCTTA 04

TNRN 10~
*CaI~~fIO(V0)91PI 100

vo 820 J-t1.Ztel"U TRAN 107
OUL SCN&oKoll Iml Lao
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Z~aCIITRAMlag10
00 900 WIa~ozTfN 110
RCCRChnflE) TRANr III
ZC=IC*tNR0o TRAM lit

000 CONTZINUE TRAMI 119
ZCII~CU.1TRAM 1144

020 RtI*1~ TRAM 115
GO TO 840 TRAM 116

1020 CA~LL IEGIU3) TRRH 117

COW TOMU 110
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SUBROUTINE VAPCON( !1UIE3 VARC I

.FICORMON /05 D .CKA=.N &MYM.10 77P *KRM ARflLfa s 18GN nC 9

O1MW10N itLW3dI4l21 WUIC 4
DOlTA fit 1) stl2) flM A)tIC4 1 s(S3 #N(61 oN(7)1 #N1) .Mel ONLIO)ONti I 3. VPRC 5

1 N1231O71.1~76.17SS1'323.~S5.157.~O/VARC 8

C THIS SUBROUTINE 16 USED TO LOC5)TE DOE OF T*1C VANWWLESS VPq~C a
C Hi'lov1J(eo ARC G
C V03c 10

108 10 Itful 08 VARC 11
I ltVAJIC 12
IMRC1 C PtIIA~lAEg 411#110 TO 20 VAneis 1

10 CONTINUE V1UIC 14

td AR re- VRRC is
RETURN VP11C 17

SIMMOITZNE VIECTORt At J I VECT I

I NROMA.COLIM di(11S.NYZCGI VECT 9
C;VECT 4

zTHIlS WORIOUTINE STORME~ TP' VAlLUE OF nl in VECT 5
6- EAfli IM111 OF~ We COLUNN STARINTZG Alt J VECT 0
C CoOlki To 118HfAX. VECT 7

VECT fi
IF( MAIX XElI. 0 3 00 TO 20 VECT 4

K~~li1flX A VECT 10
00 101 jo K VIZCT 3A

IQ0 C fIC I A VECT 122
90 RETURIN VECT 19

END VECT 14
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CUORO3UTIE NIO'= to) WOX I
C011110N / OLOCKUJIC 4 UG(61 lZO9).IGIO 1 II~lA NORt 2

*COMMON~t AEYa.*v*LYITYi'E 1133K 4
DIMlENSION RORK)~J~Y.3~(.3.T~(O) 111 5

C THIS SUB.ROUTINE 18 L1=0I TO 016t5 JY A *SECTION 0F THE ~ WORK 7

c NRKSHeCT ON THlE 22313 6C1=4* *aK

*~ CWLGRSiO ORK a9

1 0RREAT(/213 R ~HE AT'1)hORK 15

CALL FETCIUTZXT4f:CP#3) WIORK 16
CALL GlWPLY CTEXT .NGF64~38) WORK 17
RItz4l 1103K t0
RF(HEY.LTa1O) Mist RORK is
102111+~33 RORK 21)
4ArUIP3(ICIQ1-1 .Gj1 RORK e2
JD=JA*4 RORiK 22

,I~h0WORK es3

CAJYLLR1'Y RORK~ 26
D0 14R.18.OJ RORK~ go
OR1T POU1*4 IIY ORK 89

04 f ItlPV,nX' 0 L IT61/74Z4 ORNI 20

CAL 11 gNOR go

CALL NORKI soT.IV ~t)Pt~~4
00 C0NZ 1=0000 "IK $I3
CALL1* C:L( 0(1161 432
C4L ROR es4.*~l w~4
0C 1 lW~t.VIP RORKJ 3W~40

IV#15

1PYI I OAs

RORK 3
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SUBRO~UTINE~ XEttJTE XECLI I
C~fhONMO / .~it/co t K.O 7 KlGMei~2.EOI I),J~0 XECU 2

l~fEIco~z0t3.;V~U~Y.U~LlGXECU 43

COWrnN KEY * IVLY. 1TYVE X(ECU 5
c xecu a
C THIS SU0I0UTUIE 10 UGEtO TO Pfl6S CONTROL TO TuHE SWROUTINE TO 02 NEW 7
C UME~ IN E~XECUT1ING -q PARlTICUL.All CON~$NAOo XECU 6

C *e~cu 11
S 10 0 CALL R 0.2M.200300)L XECU 12

3 00 COLL. BEAUX XCCU 14
GO0 TO 0000 %ECU is

000 CALL 1MEflO XCCU 26
00 TO SOOD YCEC 15

1100 COLL 6311" 1ECU 16

Go TO 0000 xrCU le
1200 CALL FIMICT )xeCti 20

0O TO 0000 XCCU 21
1500 00 TO t 1$01#130Z2142 XCU 22
1301 COLL. GEVER XECU 23

00 To Me0 xecu 24
1592 CA1LL SET xecu 2s

Go To 0000 geti 20

0O To 0000 XeCU 20
.1800 COLL. hI4VET xf.C 211

200 TO 200 XCU 27
1100 Iff L2 .i09 2 0 O 70,Ycu 32

00 TO 0000 )xecu 33
1720 CALL. I1RAIGE XCCU 34

COTO 0000 xecu W1
1300 COLL. IU1RZ u so

200 11~ J0$0tI lecu 23
2200.00 TO 9 221.fl 2101. 9lWJ# 2104s 2204. 2-104# 2404. 2100# 2200. E1 40

1 2110. "Ils 11.2s2 2113.2100#1000).L2 LitU4
:2101 CALLI Pr03014 4

Ci) To POI~o xecu 43
t103 VILL U~r1tIC 2(VCI 44

Go To 0000 YEWC 4S
2104 CALL rX~t.'r MICA) 40

Go 10 =9I~ W0Ct 47
91003 CALL. GORUMC xrcu 40c fgL;jf to00,Ieo4

.211 CKL010,3c xcu t
Do TOWOO Mc- a
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00 TO 0000 YCEW 55
2113 CALL CHW'NE XCCU Be

00 TO 8000 XCECU 57
2300 00 TO t 2310o 2510s 2310, 2310. 2510# 2320s 2320.2520. 2320* 253O.ECU 50

I2339O142 soII5
2010 CALL i1110C2 soC 8

00 TO 8000 XECU 81
2520 CALL MOVE~ XEWI 62

Do) To W000 XECU 65
2530 Cfl.L. FORO!TE XECU 64

00 TO 0000 XECU or
2700 CALL EXl'COl )CCU 56

CO TO 0COC XECU 67
5000 CALL SWTAT xecu as
W0OO 00l~A.~l10~~l.O)) TO 8010 xeCU as

""6AVE=K6flVR+1 U(CU 70
00 Coa1 I1~1=101 XECIJ 71

*001~cne IIl~l 1i .wn' -thilr!caf I II XECU 72
IF(K0AVL~oVTd) 'F TO 0010 XECU 73
NIOR~YLY.T.0f) GO TO 80003 XECU 74

9004 1RA TEIRtSflV~'IOLY) I UEICUS XECU 75
MAfVE=0 XECIJ 70

2010) ACTURN XtCU 77
B003 CnLL PAOA?1I) XECII 78

1FrlUVY .E. O)il RETURN )CLCU 70
IOVLY c I XECU 00
00 TO 0004 XECU 01
ENCD XECU 02

"J.
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SUflROUTU4E XOI1NIT xtrnN I

CORMli3N I CLOC1f1 I RX3O.G38OeU4(S.RTAC1iaX 'OiIf 4
I 11Rt)l.UNCOLoNARVSIXYiS) 51Zir

COMHfllD IKEY.OVLY*ITYPE MRn~ 6
C XOM~ 7

C THIS 61JORCUTflht INIITIfZI.ZES SO CON~TMiITS3 MUCHI~ HILL BE XONN~ a
C USED BY THEI SYS3 Il X01m04 a

M60VEMO XOMN 12
MOW~ MOIN 13
NRflPX=O WIN? 14

RENDU~ XOMl 15
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:f,11 ::IN X I; T K Y 11M) I. RRGIL I

C Kil 13 USED TO INDOICATETHTYEO B7

C K III RTISNEI3 0 IF ARG III 4TATCEOItT 14 OtNr. 1MR0 LOND MIDl 11
1. i RETURInM I If M~ III 6VTflTMlflT 15 TNJ 11DRUS LO* xrua ii

C ~ is RETWUIIE0 -' ERROltR Null~ rpm Is0CI~.~fl0
C: MIDo 14

IT m-T( 1)XFN is
IPI ITA.T. 106) 00 TO 00 !(1U0 16

C.PRLO Vi
C "flMOOl.10 ENT(RY XrtO 10
C WHOD 19

IT mIT - 0200 XtpNO 20
irt IT .Gr. 0 .WoN IT eLE, 14604 00 TO 41 PJ

-10XPFN 22
CO TO 44 MIND 23

41 WR09M (06 1 AM0 TtZ) I - 0132a X.II 24
KIll91 0fl 0 Win0 20
CALL AVE1SGI GS) J I gou 2
IN( J *IIE* 0 1 (0, T0 40 P! 2?
R Rtk-11 XVila go

44 IIET411N 01,10 20
40 J t J It I0

I~t1Q 0 )PtRI 31
1.71V( 2 *t LT- 0)3 WIWO 1 XIN 32
y t2 ct J I I1)11 03

XtPRO $4
Ct) TO 44 lO3

C XVNO so
C K8RIM # V 11X V z fiert9I mUC APNI) 37

0OlUP1Tf 30
Ria31 -9 iU *10 40
kC uO XPN0 41
InI 10 -Lt.* I 1 00 TO 10 M'~) 42
Go in 44 40 NPNOf 44

GOi TO 44; . Vf 40

eXw WND 47
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